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cH)k  closely. 
Here  lies  the  reflection  of  your  good 
judgement.  In  recognizing  that  your 
patients  rely  upon  the  most  qualified 
clinical  decisions,  Nellcor  Puritan 
Bennett  brings  you  effective  informa- 
tion tools  for  making  them  with  confi- 
dence and  clarity. 

Introducing  new  trending  parameters 
for  the  7250'  Metabolic  Monitor 

Together,  with  the  720(-  Series 
Ventilator,  the\'  comprise  a  ventilatory 
system  that  gives  you  more  than  respi- 
ratory and  metabolic  data.  It  gives  you 
the  means  tti  look  be\'ond  the  surface 
to  evaluate  a  patient's  status  at  a  glance. 


According  to  Dr.  C.  Price,  M.D.,  CM., 

F.R.C.P.  and  Gail  Lang,  RRT,  of  Credit 

Valley  Hospital  in  Ontario  Canada. 

"In  our  opinion,  the  7250 
Metabolic  Monitor  provided  an 

accurate  assessment  of  our 
patient's  nutritional  requirements 

and  assisted  us  in  making  the 

necessary  adjustments  to  quickly 

wean  him  from  the  ventilator." 

We  even  make  continuous  trending 
look  easy.  With  the  new  Ckaphics  2.0 
software  option,  you  can  trend  the 
following  metabolic  monitoring  para- 
meters for  up  to  72  hours:  O:  con- 


1  \Vf/i  tlie  new  7250  Metabolic  Monitor 
and  Graphics  2.0,  trending  parameters 
such  as  V'0.>  clearly  show  your  patient's 
response  to  decreased  ventilatory  support 
during  weaning. 
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sumption,  CO^  production,  respiratory 
quotient  and  energy  expenditure.  So 
you  won't  waste  your  own  energy 
attempting  to  estimate  the  complete 
daily  nutritional  picture  from  incon- 
clusive spot  checks. 

See  your  patients  more  clearly 

To  find  out  more  about  our  "New 
Tools  for  Greater  Insight,"  contact  the 
world's  leading  supplier  of  ventilator 
systems.  Call  Nellcor  Puritan  Bennett  at 

800-NELLCOR;  (U.S.A.) 

510-463-4000 

Fax:510-463-4420 

-1-31.73.6485200  (Europe) 
Fax: -t-3 1.73.64 109 15 


NELLCOR 
PURITAN 
BENNETT. 


http://vv'\\'\\'.ncllcorpb.com 

7200  and  7250  are  trademarki  of  Nellcor  Puritan  Bennett. 
©1996  Nellcor  Puritan  Bcruictl  inc.  All  rights  restiA'ed. 
A-AA2210-01(l/96) 


This  summer,  the  AARC  takes  its 
Summer  Forum  back  to 


The  beauty  of  the  seashore  provides  a 

l^reat  backdrop  for  sessions  designed  to 

help  RCPs  face  new  challenges. 

Meet  at  The  Registry  Resort 

July  12-14,  1996  ' 

If  you  are  seeking  ways  to  understand  the  rapid  changes 

taking  place  in  heahh  care  today,  and  if  you  want  to  learn  how 

to  adapt  to  those  changes,  then  don't  miss  this  meeting! 

Look  for  program  and  registration  information  in 

the  April  issue  of  AARC  Times. 
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Buried  Under  an 

Avalan(he  of  Information? 


As  a  respiratory  care  professional,  it's  easy  to  become 
buried  under  an  avalanche  of  information — information 
that  you  need.  But,  there  is  never  enough  time  to  read 
all  the  journals.. .until  now. 

Now,  Audio  Reviews  for  RCPs  reduces  the  flow  of 
information  you  need  to  a  manageable  level. 

Every  other  month,  six  times  a  year,  Audio  ^ 

Reviews  for  RCPs  delivers  an  audio  cassette     ^      , 
containing  summaries  of  what's  current  and 
pertinent  in  the  clinical  and  scientific  i 

literature.  Audio  Reviews  contains  the 
essential  information  that  keeps  you  up-to-date 
on  adult  and  pediatric  respiratory  and  ^ 

pulmonary  medicine.  y, 

Previous  topics  presented  in  Audio  Reviews 

•  Surfactant  Replacement  Therapy 

•  Permissive  Hypercapnia 

•  Nitric  Oxide  Therapy 
•Auto  PEEP  ^ 

...and  MANY  OTHERS 


Each  75-90  minute  tape  reviews  up  to  80  papers  from 
approximately  20  journals — ^journals  such  as  Chest, 
Critical  Care  Medicine,  JAMA,  Respiratory  Care,  The 
American  Journal  of  Emergency  Medicine,  Pediatrics, 
and  others.  Each  article  Js  referenced  on  the  tape  as 
well  as  on  a  convenient  insert. 

No  long  waits,  because  Audio  Reviews  is  timely — 

the  May/June  issue  reviews  papers  published  in 

the  March  and  April  issues  of  the  Journals. 


All  for  less  than  the  subscription  to  one 
I.  Only  $45  for  six  tapes  a  year. 
(A  tape  is  mailed  every  two  months.) 


Professionally  recorded,  featuring 
John  White,  BS,  RRT,  RPFT,  a  Perinatal 
Pediatric  Specialist  with  21  years  of 
experience  as  a  clinician  and 
teacher.  White  is  also  a  Senior 
Instructor  for  the  National 
)       Respiratory  Therapy  Review 
i  J    and  a  columnist  for  FGDCUS 
"     magazine. 


or 
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O  Yes,  I  want  to  dig  out  from  under  the  avalanche  of  information. 
Please  enter  my  subscription  to  Audio  Reviews  for  RCPs  for  one  year  (6  tapes)  at  $45. 

Method  of  Payment 


To  order  with  credit  card  or  purchase  order,  call 
(214)  243-2272  or  fax  your  order  to  (214)  484-6010. 

C   Purchase  Order  Number 


Billing/Shipping  Information 

Name 


'   Credit  Card 

Exp.  Date 

Card  Number 


D  Visa       n  MasterCard 
.Signature 


Institution, 
Address 


O   Check  (made  payable  to  Daedalus  Enterprises,  Inc., 
11030  Abies  Lane,  Dallas.  TX  75229-4593) 


City/State/Zip_ 


Telephone  Number 
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AARC's  Professor's  Rounds  in  Respiratory  Care 


ING 


ELLiTE  Broadcast  or  by  Viewing  a  Tape 

ELEPHONE  QuESTION-AND-AnSWER  SESSION 


Two  Ways  To  Earn  Continuing  Education  Credit 

1.  Live  Satellite  Videoconference  Broadcast  •  Earn  continuing  education  credit  by  registering  for  the  live  program. 


or 


2.  Teleconference  •  Earn  continuing  education  credit  by  viewing  a  videotape  (provided  after  the  live 
broadcast)  and  participating  in  the  scheduled  live  Telephone  Question-and-Answer  Session, 


Clinical  Focus 

#]•  Management  of  Life-Threatening  Asthma 

with  David  J.  Pierson,  MD,  and  Richard  D.  Branson,  RRT 

•  Live  Broadcast  —  Pebruarv  20,  12:30  p.m.  to  2:00  p.m. 

•  Teleconference  —  March  1 1,  12:30  p.m.  to  1:00  p.m. 
tt2»  Mana^in^  the  Ventilator:  What  ami  When 

with  bean  R.  Hess,  PhD,  RRT,  and  Richard  D.  Branson,  RRT 

•  Live  Broadcast  —  April  2,  1 2:30  p.m.  to  2:00  p.m. 

•  Teleconference  —  April  22,  12:30  p.m.  to  1:00  p.m. 

#3«   Theor)' and  Application  of  \conatal  Ventilation:  What.  \\  hen.  and  Why 
with  Rob  Chatburn,  RRT,  and  Richard  D.  Branson,  RRT 

•  Live  Broadcast  —  August  27,  12:30  p.m.  to  2:00  p.m. 

•  Teleconference  —  September  16,  12:30  p.m.  to  1:00  p.m. 
«7»  Airiiuiv  .Management:  Tricks  of  the  Trade 

with  Charles  G.  Durbin,  MD,  and  D,tvid  J.  Pierson,  MD 

•  Live  Broadcast  —  December  10,  12:30  p.m.  to  2:00  p.m. 

•  Teleconference  —  Decemlier  I"),  12:30  p.m.  to  1:00  p.m. 


Respiratory  Care  Issues 

#3*  Managing  Demand  for  Respiratory  Care  Services 

with  James  K.  Stollcr,  MD,  and  Sam  Giordano,  MBA,  RRT 

•  Live  Broadcast  —  Ma\-  21,  12:30  p.m.  to  2:00  p.m. 
•Teleconference  —  June  10,  12:30  p.m. to  1:00  p.m. 

»4»  (^aptitrin^  Respiratoiy  Sen^ices  Outside  the  Hospital  Part  I:  Home  Care 
with  Allan  B.  Saposnick,  MS,  RRT,  and  Sam  Giordano,  MBA,  RRT 

•  Live  Broadcast  —  July  9,  12:30  p.m.  to  2:00  p.m. 
•Teleconference  —  July  29,  12:30  p.m. to  1:00  p.m. 

=(>•  Capturing  Respiratory  Sen^ices  Outside  the  Hospital  Part  II:  Siihaaite  Care 
with  Kevin  Cornish,  RRT,  and  Sam  Giordano,  MBA,  RRT 

•  Live  Broadcast  —  October  15,  12:30  p.m.  to  2:00  p.m. 

•  Teleconference  —  November  18, 12:30  p.m.  to  1:00  p.m. 

All  times  listed  are  for  Eastern  Time  Zone. 


Accreditation  —  Each  staff  member  completing  CRCE  requirements  can  earn  one  continuing  education  credit  for  viewing  each  program  in  the  series  or  a  total 
of  seven  continuing  education  credits  for  viewing  the  entire  series.  However,  participants  must  register  for  the  live  program  or  the  Telephone  Que.stion-and- 
Answer  Session  in  order  to  receive  credit. 


Respiratory  Care  Issues  Programs 

$550 
S485 


Registration  —  Includes  technical  infiirmation,  proctor  guide,  continuing  education  p,uket,  certificate,  and  post  test. 

I  i\c  S.uellile  Broadcast       Single  Program  Six  Programs  Clinically  Focused  Programs 

Nonmember  $295  $780  $685 

A  ARC  Member  $260  $728  $635 

>'ou  will  need  s.iiellitc  reception,  Ku  or  C  Band  capabilities,  and  ,i  television  monitor. 

lelcconference  Single  Program         Six  Programs  Clinically  Focused  Programs  Respiratory  Care  Issues  Programs 

Nonmember  $295  $780  $685       '  $550 

AARC  Member  $260  $728  $635  $485 

A  videot.ipc  of  the  program  will  be  provided  to  registered  teleconference  sites  alter  the  live  program.  The  only  equipment  required  tor  the  videotape  and 

Telephone  Question-and-Answer  Session  is  a  VHS  vidcocassette  player,  a  television  monitor,  and  a  telephone/speaker  phone  with  a  mute  button  or  conferencing 

unit.  IMPORTANT:  "I'ou  must  provide  the  lelephimc  number  of  the  room  where  the  videotape  will  be  viewed. 

Videotapes''  Single  Program  Seven  Programs  Clinically  Focused  Programs 

Nonmember  $295  $910  $685 

AARC  Member  $260  $850  $635 

'Videotape-only  subscribers  do  not  receive  continuing  education  credit. 

Group  Discounts""-  1  Facililv  2-2.S  Sites  26-5C  Sites 

No  Discount  25%  30% 

"■*Di.scount  is  applied  to  each  site's  registration.  Discount  is  not  allowed  tor  multiple  lacilities  viewing  at  one  site. 
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Abstracts 


Summaries  of  Pertinent  Articles  in  Other  Journals 


Editorials,  Commentaries,  and  Reviews  To  Note 

Tuberculosis  in  Children:  An  Update  (State  of  the  Art) — I^  Inselman.  Pedialr  Pulmoiiol  1996;21(2): 
l()l-!2(). 

(;oals  of  Asthma  Manafjfmont:  A  Step-Care  Approach  (Review) — RC  Bone.  Chest  1996;109; 
lOSft-IObS. 


Pulmonary  Administration  of  Vasoactive  Suh- 
stances  b>  PerfluonKheniical  \  entilation — MR 

Woltson.  JS  Greenspan,  1H  Shatter.  Pediatries 
lW(i;97(4):449. 

OBJECTIVES:  Therapeutic  manajieinent  of  res- 
pirator)' distress  syndrome,  pneumonia,  and  pul- 
monary hypertension  includes  dehvery  of  bio- 
logically active  agents  to  the  neonatal  lung. 
However,  mechanical  abnormalities  of  the  lung, 
intrapulmonary  shunting,  ventilation-perfusion 
misinatehing,  and  elevated  surface  tension  impede 
effective  systemic  or  intratracheal  deliver)  of 
agents  to  the  lung  during  conventional  gas  ven- 
tilation. The  objective  of  this  study  was  to  test  the 
hypothesis  that  perfluorochemical  (PFC)  liquid 
ventilation  can  be  used  for  pulmonary  adminis- 
tration of  vasoactive  drugs  (PAD)  and  to  com- 
piire  these  responses  to  those  elicited  with  intravas- 
cular (IV)  administration  during  tidal  liquid 
ventilation.  METHODS:  Cardiovascular  responses 
of  Id  prelemi  and  neonatal  lambs  to  randomized 
doses  of  acetylcholine,  epinephrine,  and  Prisco- 
line  were  studied.  Physiologic  gas  exchange  and 
acid-base  balance  were  maintained  using  previ- 
ously described  tidal  liquid  ventilation  techniques. 
In  subgroups  of  animals,  the  distribution  pattern 
of  carbon  I-  and  choline  14-labeled  dipalmi- 
loylphosphatidylcholine  ( I4C-DPPC)  in  saline 
and  the  responses  to  priscoline  after  hypoxia- 
induced  pulmonary  hypertension  and  hypoxemia 
administered  during  liquid  ventilation  were  stud- 
ied. RESULTS:  Dose-response  curves  for  PAD 
and  IV  administration  demonstrated  progressi\e, 
dose-dependent,  cholinergic  responses  to  acetyl- 
choline (decreased  mean  systemic  arterial  pres- 
sure 1M.-\P]  and  heart  rate),  sympathomimetic 
responses  to  epinephrine  (increa.sed  MAP  and 
heart  rate),  and  a-adrenergic  blockade  responses 
to  priscoline  (decreased  MAP  and  mean  pul- 
monary ailerial  pressure).  Compared  with  IV 
administration,  P.M)  of  Priscoline  resulted  in  a 
significantly  greater  decrease  in  pulmonary  rel- 
ative to  systemic  arterial  pressure;  this  response 
was  poientialed  b\  hypoxia,  reduced  pulmonary 


pressures  to  near  normal  values,  and  improved 
oxygenation.  The  I4C-DPPC  in  saline  was  dis- 
tributed relatively  homogeneously  throughout  the 
lung  by  PAD.  with  80'*  of  the  lung  pieces  receiv- 
ing amounts  of  I4C-DPPC  with  ±  20';f  of  the 
me;m  value.  CONCLUSIONS:  'Hiis  study  demon- 
strates that  vasoactive  agents  can  be  delivered  to 
the  lung  directly  by  P.'XD  during  PFC  liquid  ven- 
tilation. The  inherent  advantages  of  this  method 
relate  to  the  physical  properties  of  PFC  liquid  ven- 
tilation as  a  vehicle  (respiratory  gas  solubility,  low 
surface  tension  ±  enhancing  distribution,  and  inert- 
ness precluding  interaction)  and  physiological 
properties  of  the  lung  as  an  exchanger. 

Low  Measured  .\uto-Positive  End-Expiratory 
Pressure  durin;;  Mechanical  \  entilation  of 
Patients  with  Severe  .\sthrna:  Hidden  .\uto- 
Positive  EJid-E\pirator>  Pressure — J\V  Leather- 
man.  SA  Ravenscraft.  Crit  Care  Med  1996:24 
(3):54l. 

OB  JECTrVE:  To  describe  the  cKcurrence  of  low 
measured  auto-end-expiratory  pressure  (auto- 
PEEP)  during  mechanical  ventilation  of  patients 
with  severe  a.sthma.  DESIGN:  Observ  alional  clin- 
ical study.  SETTING:  Medical  intensive  c:ire  unit 
of  a  university-affiliated  county  hospital. 
PATIENTS:  Four  mechanically  ventilated  patients 
with  severe  asthma  who  had  low  measured  auto- 
PEEP  despite  marked  increase  in  both  peak  and 
plateau  airway  pressures.  INTERVENTIONS: 
None.  MEASUREMENTS  &  MAIN  RESULTS: 
Peak  pressure,  plateau  pressure,  and  auto-PEEP 
were  measured  at  an  early  time  point,  when  air- 
flow obstruction  v\as  most  severe,  and  again  at 
a  later  time  after  clinical  improvement  Auto-PEEP 
was  measured  by  the  method  of  end-expiratory 
airway  occlusion.  From  the  early  to  the  late  time 
point,  there  was  a  marked  decrease  in  peak  pres- 
sure ( 76  ±  7  to  53  ±  6  cm  H^O;  p  <  O.OO  I )  and 
in  plateau  pressure  (28  ±  2  to  1 8  +  3  cm  H;0:  p 
<  0.(X)l ),  but  only  minimal  change  in  auto-PEEP 
(.'i  +  3  to  4  ±  3  cm  H:0).  The  difference  between 
plateau  pressure  and  auto-PEEP  decreased  be- 


tween the  early  and  late  time  points  (23  ±  I  to  14 
±  I  cm  HiO;  p  <  0.01 ).  even  though  tidal  volume 
was  larger  at  the  late  time  point.  In  3  patients,  low 
auto-PEEP  and  a  large  difference  between  plateau 
pressure  and  auto-PEEP  was  only  seen  after  expi- 
ratory time  was  prolonged.  In  these  3  patients,  pnv 
longation  of  expiratory  time  resulted  in  a  large 
decrease  in  measured  auto-PEEP  ( 14  ±  4  to  .5  ± 
4  cm  HiO).  but  a  much  smaller  change  in  plateau 
pressure  (3 1  +  3  to  29  ±  3  cm  H:0).  CONCLU- 
SIONS: We  conclude  that  measured  auto-PEEP 
may  underestimate  end-expiratory  alveolar  pres- 
sure in  sevens  asthma,  and  that  niitrked  pulmonary 
hyperintlation  may  be  present  despite  low  mea- 
sured auto-PEEP.  especially  at  low  respiratory 
rates.  This  phenomenon  may  be  due  to  w  idespread 
airway  closure  that  prevents  accurate  assessment 
of  alveolar  pressure  at  end-expiration.  Sec  llw 
relatt'il  ctlitorial:  Occult,  occult  auto-PEEP  in 
status  asthmalicus.  TE  Stewart.  AS  Slulsky.  Crit 
Ciif  Mfil  I996:24l3):i79-3m. 

Tracheal  Gas  Insufflation  Combined  with 
Hijjh-Frcquencv  Oscillatory  \  entilation — S 

Dolan.  S  Derdak.  D  Solomon,  C  Fanner.  J  Johan- 
ningman.  J  Gelineau.  RB  Smith.  Crit  Care  Med 
1996;24(3):458, 

OBJECTIVES:  To  determine  the  efficacy  of  Ua- 
cheal  gas  insufflation  delivered  by  2  different 
catheter  designs  on  CO;  elimination  when  used 
in  conjunction  with  high-fa-quencs  oscillatory  ven- 
tilation. DESIGN:  .\  nonrandomi/ed  before  and 
after  trial.  Each  animal  served  as  his  own  control. 
SUBJECTS:  Ten  mongrel  dogs  weighing  20.9  ± 
1 .9  kg.  Four  animals  were  assigned  to  a  normal 
lung  group  and  6  animals  underwent  lung  injury 
by  large  volume  saline  lavage.  INTERVENTION: 
Pennissive  hypercapnia  was  allowed  to  occur  by 
selecting  oscillator  settings  that  would  lead  to  alve- 
olar hypoventilation.  Proximal  mean  airway  pres- 
sure was  kept  constant.  Tracheal  gas  was  insuf- 
flated at  I  cm  above  the  canna  for  30-minute 
periods  at  gas  flows  of  5  to  15  L/min.  MEA- 
SUREMENTS &  MAIN  RESULTS:  Carinal  pres- 
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Abstracts 


sure,  hemodynamic  parameters  (cardiac  output, 
mean  arterial  pressure,  pulmonary  arterial  pres- 
sure, pulmonary  artery  occlusion  pressure),  and 
gas  exchange  parameters  (Paco...  PjO;.  PaO;/F|0;. 
shunt  fraction.  Do.i  were  measured.  For  the  nor- 
mal dogs,  at  catheter  How  of  15  L/niin.  the  for- 
wiird  thnist  catheter  increased  carinal  pressure  and 
Pm:I  F,o;  by  3CK/>  (p  <  O.OO.'^)  and  105%  (p  < 
{).(K)5|.  respectively.  The  forward  thrust  catheter 
reduced  P.,co;  by  40%  (p  <  0.04).  The  reverse 
thrust  catheter  increased  PaO:'  F|0;  by  102%  (p 
<  0.001 )  and  decreased  carinal  pressure  and  PaCOj 
by  44%  (p  <  0.001 )  and  34%  (p  <  0.(X)3),  respec- 
tively. For  the  injured  dogs,  at  catheter  flow  rate 
of  1 5  L/min.  the  forward  thrust  catheter  increased 
carinal  pressure.  PjO;.  and  PaO:/F|0;  by  6%  (p  < 
0.001 1.  23%  (p  <  0.001 )  and  24%  (p  <  0.02). 
respectively.  The  forward  thrust  catheter  reduced 
PaCO;  by  29%  (p  <  0.002).  The  reverse  thrust 
catheter  increased  PaO:  and  P^nJFiO:  both  by  1 1  % 
(p  <  0.02)  and  reduced  carinal  pressure  and  Paco: 
by  23%  {p  <  0.001 1  and  18%  (p  <  0.002),  respec- 
tively. CONCLUSIONS:  Tracheal  gas  insuffla- 
tion is  capable  of  impro\  ing  o.\ygenation  and  ven- 
tilation in  acute  lung  injury  when  combined  with 
high-frequency  oscillatory  ventilation.  The  addi- 
tion of  this  second  gas  tlow  at  the  level  of  the 
carina  raises  or  lowers  distal  airway  pressure,  the 
magnitude  of  which  is  dependent  on  the  direction 
and  rate  of  gas  flow.  The  beneficial  effects  of  tra- 
cheal gas  insufflation  may  be  tempered  by  the 
long-term  effects  of  altering  distal  airway  pres- 
sure: lowering  distal  airw  ay  pressure  may  lead  to 
atelectasis,  w  hereas  raising  distal  airway  pressure 
may  lead  to  an  aulo-positive  end-e,\piratory  pres- 
sure (auto-PHEP)  effect.  iVc  llic  rcliited  Edito- 
rial: Adjunctive  \'entilatiun  with  Tracheal  Gas 
Insufflatiun — Cuod  Vibrations'.'— J  J  Maimi.  Cm 
Care  Med  1996:24(3)375-378. 

Effects  of  Availability  of  Patient-Related 
Charges  on  Practice  Patterns  and  Cost  Con- 
lainmenl  in  the  I'etliatric  Intensive  Care  I  nit  - 

RC  Saclide\a.  L.S  Jefferson.  J  Coss-Bu.  G  Done. 
D  C;miphell.  SI  Nelson.  RD  Feigin.  Crit  Care  Med 
I996:24(3):501. 

OBJECTIVE:  To  investigate  the  effects  of  the 
availability  of  daily  patient-related  charges  to 
health-cans  providers  on  practice  patterns  and  cost 
containment  in  the  pediatric  intensive  care  unit 
llCUl  setting.  DESIGN:  Prospective,  nonran- 
domized, controlled  trial.  SETTING:  Pediatric 
ICU.  P.ATIENTS:  All  patients  admitted  to  the 
pediatric  ICC  during  the  study  penod.  This  num- 
ber included  a  prospective  control  group  (n  =  325) 
and  an  intervention  group  (n  =  273).  These  598 
patients  spent  2.274  patient  days  in  the  pediatric 
ICU.  INTERVENTIONS:  The  daily  itemized 
patient  charges  related  to  diagnostic  studies 
ordered  in  the  pediatric  ICU  were  made  available 
to  health-care  providers  during  the  intervention 
period  of  the  study.  .MEASUREMENTS  & 
MAIN  RESULTS:  Information  was  collected 


prospectively  on  patients  in  the  control  group 
before  the  intervention  period.  This  information 
included  data  on  demographics,  daily  severity  of 
illness  measures,  daily  resource  consumption, 
intensity  of  nursing  and  medical  interventions, 
and  daily  patient-related  charges.  Outcome  infor- 
mation on  survival  and  length  of  pediatric  ICU 
stay  was  also  collected.  The  same  data  were  col- 
lected prospectively  during  the  intervention  pericxi 
of  the  study.  Measurements  on  quality  assurance 
and  morbidity  were  made  to  ensure  that  there  was 
no  compromise  in  patient  care.  There  were  no  sig- 
nificant differences  in  patient  demographics  and 
diagnoses  between  the  control  and  intervention 
groups.  There  was  a  reduction  in  the  average  daily 
laboratory  ( 16.7%).  radiology  (9.1%).  comput- 
erized a.xial  tomography  (8.5% ).  and  pharmacy 
(25. 1  % )  charges  in  the  intervention  group  as  com- 
pared with  controls.  The  decreases  in  laboratory 
and  pharmacy  charges  were  statistically  signif- 
icant (p  <  0.0001 ).  The  decreases  in  laboratory 
and  pharmacy  charges  remained  significant  even 
after  adjustment  for  severity  of  illness.  CON- 
CLUSIONS: The  availability  of  patient-relaled 
charges  to  health-care  providers  can  result  in 
changes  in  practice  patterns,  producing  a  decrease 
of  patient  charges  and  an  improvement  in  cost 
containment  in  the  pediatric  ICU. 

DIstrihullon  and  TransniLssion  of  I'seiidomoiias 
aeruf^inosa  and  Burkholderia  cepacia  in  a  Hos- 
pital Ward— G  During.  S  Jansen.  H  Noll.  H 
Grupp.  F  Frank.  K  Bot/enhart.  K  Magdorf.  LI 
Wahn.  Pediatr  Pulmonol  m%:21(2l:9()-l()(). 

Genotyping  and  antibiotic  susceptibility  testing 
were  used  to  analyze  Pseiidamimas  aeruginosa 
and  Burkholderia  cepacia  strains  from  sink  drain 
from  14  pediatric  patients  with  cystic  fibrosis  (CF) 
and  from  hospital  personnel  as  part  of  a  4- week 
prospective  study  of  strain  transmission  in  a  pedi- 
atric ward.  A  total  of  87.5%  of  all  washbasin 
drains  were  contaminated  with  P.  aeruginosa  1 10- 
to  1(F  colony  forming  units  (Cn_')/mL  sink  tluid], 
whereas  B.  cepacia  was  found  only  once  in  a  sink 
drain.  From  the  8  CF  patients  already  infected 
with  P.  aeruginosa  upon  entering  the  ward,  we 
isolated  6  genotypes  that  were  identical  with 
strains  found  in  sink  drains  of  the  ward.  Four  of 
the  16  members  of  the  personnel  had  1  positive 
P.  aeruginosa  hand  culture.  B.  cepacia  was  never 
found  in  patients  or  on  personnel  hands.  Hand 
washing  in  contaminated  sinks  (>  10'  CFL!/mLl 
led  to  piisitive  P.  aeruginosa  or  B.  cepacia  hand 
cultures.  P.  aeruginosa  or  B.  cepacia  embedded 
in  sputum  were  transmissible  by  hand  shaking 
for  up  to  180  minutes,  whereas  both  pathogens 
suspended  in  physiological  saline  were  trans- 
missible to  other  hands  only  up  to  30  minutes. 
Genotyping  of  P.  aeruginosa  revealed  strain 
transmission  from  CF  patients  or  the  en\  ironmeni 
to  other  patients  or  the  personnel,  as  well  as  1 
transmission  fnam  the  environment  to  a  CF  patient. 
The  ability  of  CF  sputum  to  prolong  survival  of 


P.  aeruginosa  and  B.  cepacia  may  be  important 
for  strain  transmission.  The  results  suggest  that 
improved  hygienic  measures  are  required  to  pre- 
vent routes  of  bacterial  transmission  \  ia  the  hands 
and  sink  drains. 

Pulse  Oxinietrj :  Accuracy  of  Methods  of  Inter- 
preting Graphic  Summaries — VM  Lafontaine. 
FM  Duchanne,  RT  Brouillette.  Pediatr  Pulmonol 
1996:21(2):I21. 

Although  pulse  oximetry  has  been  used  to  deter- 
mine the  frequency  and  extent  of  hemoglobin 
desaturation  during  sleep,  movement  artifact  can 
result  in  overestimation  of  desaturation  unless  valid 
desaturations  can  be  identified  accurately .  There- 
fore, we  determined  the  accuracy  of  pulmo- 
nologists'  and  technicians'  interpretations  of 
graphic  displays  of  desaturation  events,  derived 
an  objective  method  for  interpreting  such  events, 
and  validated  the  method  on  an  independent  data 
set.  Eighty-seven  randomly  selected  desaturation 
events  were  classified  as  valid  (58)  or  artifactual 
(291  based  on  cardiorespiratory  recordings  (gold 
standard)  that  included  pulse  waveform  and  res- 
piratory inductive  plethysmography  signals.  Using 
oximeUA'  recordings  (test  method).  9  pediatric  pul- 
monologists  and  3  respiratory  technicians  ("read- 
ers") averaged  50  ±  1 1%  (SD)accuracy  for  event 
classification.  A  single  variable,  the  pulse  ampli- 
tude modulation  range  ( PAMR)  prior  to  desatu- 
ration. pertormed  better  in  discriminating  valid 
from  artifactual  events  wi(h  76%  accuracy  (p  < 
0.05 ).  Follow  ing  a  seminar  on  oximetry  and  the 
use  of  the  PAMR  method,  the  readers'  accuracy 
increased  to  73  ±  2'» .  In  an  independent  set  of  73 
apparent  desaturation  e\enLs  (74%  valid.  26%  ;mi- 
factual ),  the  P,-\MR  method  of  assessing  oxime- 
try graphs  yielded  82%  accuracy;  tfanscutaneous 
oxygen  tension  records  confirmed  a  drop  in  oxy- 
genation during  49  of  54  (89%i)  valid  desatura- 
tion events.  In  conclusion,  the  most  accurate 
method  (91%)  of  assessing  desaturation  events 
requires  recording  of  the  pulse  and  respiratory 
wavefomis.  However,  a  practical,  easy-to-use 
methixl  of  interpreting  pulse  oximen-\  recordings 
achieved  76-82%  accuracy,  which  constitutes  a 
significant  improvement  Irom  prev  ious  subjec- 
tive interpretations. 

Exposure  of  the  U.S.  Population  to  Environ- 
mental Tobacco  Smoke:  The  Third  National 
Health  and  Nutrition  Examination  Survey. 
1988  to  1991— JL  Pirkle.  KM  Flegal.  JT  Bem- 
ert.  DJ  Brody.  RA  Etzel.  KR  Maurer.  JAMA 
1996:275(16):  1233. 

OBJECTIVE:  To  estimate  the  extent  of  exposure 
of  the  U.S.  population  to  environmental  tobacco 
smoke  and  the  contribution  of  the  home  and  w  ork- 
place  environment  to  en\  ironmental  tobacco  smoke 
exposure.  DESIGN:  Nationally  repre.sentativ  e  ctoss- 
sectional  survey  including  questionnaire  infomiation 
faim  persons  aged  2  months  and  older  ( n=  1 6.8 1 8) 
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and  measurements  of  seram  cotinine  (a  metabo- 
lite of  nicotine)  tram  persons  aged  4  years  and  older 
(n=IO,642).  SETTING/PARTICIPANTS:  Piirti- 
cipants  in  the  Third  National  Health  and  Nutrition 
Examination  Survey,  October  25.  I9XX,  to  Octo- 
ber 21.  1991.  RESULTS:  Of  U.S.  children  aged 
2  months  to  1 1  years.  4.1%  lived  in  a  home  with 
at  least  I  smoker,  and  37%  of  adult  non-tobacco 
u.sers  lived  in  a  home  with  at  least  I  smoker  or 
reported  environinental  tobacco  smoke  exposure 
at  work.  Serum  cotinine  levels  indicated  more 
widespread  exposure  to  nicotine.  Of  non-tobacco 
users,  87.9%  had  detectable  levels  of  serum  coti- 
nine. Both  the  number  of  smokers  in  the  household 
and  the  hours  exposed  at  work  were  significantly 
and  mdependently  associated  ( p  <  ().(K)1.  multiple 
regression  /  test  I  with  increased  scnim  cotinine  lev- 
els. Serum  cotinine  le\els  of  children.  non-Hispanic 
blacks,  and  males  indicated  that  these  groups  had 
higher  exposure  to  environmental  tobacco  smoke. 
Dietary  variables  showed  no  consistent  association 
with  serum  cotinine  levels,  and  dietary  contribu- 
tion to  serum  cotinine  level,  if  any.  appeared  to  be 
extreinely  small.  CONCLUSIONS:  The  high  pro- 
portion of  the  population  with  detectable  semm  coti- 
nine levels  indicates  widespread  exposure  to  envi- 
ronmental tobacco  smoke  in  the  U.S.  population. 
Both  the  home  and  workplace  environments  sig- 
nificantly contribute  to  environmental  tobacco 
smoke  exposure  in  the  United  States. 

Employment  Implications  of  Declining  Tobacco 
Product  Sales  for  the  Regional  Economies  of 
the  United  States— KE  Warner.  G.'\  Fulton.  P 
Nicolas.  DR  Unmes,  JAMA  1996;27.S(  16):  1 241. 

OBJECTIVE:  To  determine  whether  declines  in 
tobacco  product  sales  significantly  reduce 
employment  in  the  United  States,  as  the  tobacco 
industry  claims.  DESIGN:  Computer  simulation 
of  llie  economies  of  the  Southeast  Tobacco  region 
and  S  nontobacco  regions  of  the  United  States, 
w  ith  domestic  tobacco  expenditures  eliminated 
or  reduced  and  the  equivalent  spending  redis- 
tributed, according  to  consumers'  normal  spend- 
ing patterns.  We  compared  these  results  with  base- 
line forecasts  of  the  regional  economies  that 
include  normal  tobacco  expenditures.  MAIN 
OUTCOME  MEASURE:  Number  of  jobs. 
RESULTS:  Had  there  been  no  spending  on 
tobacco  products  in  the  United  States  in  199.1.  the 
Southeast  Tobacco  region  would  have  had 
30-1.()()()  fewer  jobs.  Collectively,  however,  the 
8  nontobacco  regions  would  have  gained  enough 
employment  to  completely  offset  losses  in  the 
Southeast  Tobacco  region,  with  every  nontobacco 
region  gaining  jobs.  By  the  year  20(X).  the  absence 
of  tobacco  spending  would  mean  a  loss  of  222,000 
jobs  in  the  Southeast  Tobacco  region,  but  a  gain 
of  .1,55.000  throughout  the  rest  of  the  country.  In 
the  more  realistic  scenario  of  doubling  the  dow  n- 
ward  trend  in  tobacco  consumption,  the  South- 
cast  Tobacco  region  would  lose  (i..1(K)jobs  in  199.1 
(0.03%  of  regional  emplosnient)  and  36.600jobs 


by  2(XX)  (0.2%.).  The  8  nontobacco  regions  would 
gain  6.400  jobs  in  1993  and  56,300  jobs  in  2(XK), 
with  each  of  the  nontobacco  regions  gaining 
employment  in  every  year.  CONCLUSIONS: 
Contrary  to  the  tobacco  industry's  claims,  reduc- 
tions in  spending  on  tobacco  products  will  boost 
employmenl  in  every  one  of  the  S  nontobacco 
regions  and  will  not  diminish  employment  in  the 
Southeast  Tobacco  region  by  as  much  as  the  indus- 
try estiinates.  The  primary  concern  about  tobacco 
should  be  the  enormity  of  its  toll  on  health  and 
not  its  impact  on  employmenl. 

Cost-Effcctivene.ss  of  the  Transdermal  Nico- 
tine Patch  as  an  .Adjunct  to  Physicians'  Smok- 
ing Ces.sation  Couaseling — K  1-iscella.  P  Franks. 
JAMA  1996;275(16):1247. 

OBJECTIVE:  To  detemiine  the  incremental  cost- 
effectiveness  of  the  transdermal  nicotine  patch. 
DESIGN:  Decision  analytic  model  that  evaluated 
the  incremental  cost-effecliveness  of  the  addi- 
tion of  the  nicotine  patch  to  smoking  cessation 
counseling.  Costs  were  based  on  physician  tiiue 
and  the  retail  cost  of  the  nicotine  patch,  and  ben- 
efits were  based  on  quality-adjusted  life  years 
(QALYs)  saved.  PATIENTS:  Male  and  female 
smokers  aged  25  to  69  years  receiving  primary 
care.  INTERVENTION:  Addition  of  the  nico- 
tine patch  to  physician-based  smoking  cessation 
counseling.  MAIN  OUTCOME  MEASURE: 
Costs  (1995  dollars)  per  QALYs  saved  discounted 
hy  1'^i  annually.  RESULTS:  Tlie  use  of  the  patch 
produced  1  additional  lifetime  quitter  at  a  cost 
of  $7,332.  The  incremental  cost -effectiveness  of 
the  nicotine  patch  by  age  group  ranged  from 
$4,390  to  $  1 0.943  per  Q AL Y  for  men  and  $4,955 
to  $6,983  perQALY  for  women.  A  clinical  su'at- 
egy  involving  limiting  prescription  renewals  to 
patients  successfully  abstaining  for  the  first  2 
weeks  improved  the  cost-effecliveness  of  the  patch 
by  25'/; .  CONCLUSIONS:  The  findings  provide 
support  both  for  the  routine  use  of  the  nicotine 
patch  as  an  adjunct  to  physicians'  smoking  ces- 
sation counseling  and  for  health  insurance  cov- 
erage of  nicotine  patch  therapy. 

Hospital  Smoking  Bans  and  Employee  Smok- 
ing Behavior:  Results  of  a  National  Survey 

1  )R  l.ongo.  RC  Brownson.  JC  Johnson.  JL  Hcwett. 
RL  Kruse.  TE  Novotny.  RA  Logan.  JAMA 
1996;275(I6):I252. 

OBJECTIVE:  To  examine  the  impact  of  work- 
place smoking  bans  on  smoking  behavior  of 
employees.  PARTICIPANTS:  A  total  of  1,469 
current  or  former  smokers  (intervention  group) 
employed  in  smoke-free  hospitals  and  920  cur- 
rent or  former  smokers  (comparison  group) 
employed  in  non-smoke-fa-e  workplaces  were  sur- 
veyed to  detennine  smoking  behav  ior.  DESIGN: 
'litis  cross-sectional  study  is  part  of  a  larger,  ongo- 
ing prospective  study.  The  study  design  was  quasi- 
experimental.  We  randomly  selected  sites  con- 


sisting of  a  hospital  and  a  corresponding  com- 
munity. Furthermore,  we  randomly  selected  sub- 
jects from  hospitals  and  their  corresponding  com- 
munities. MAIN  OUTCOME  MEASURES: 
Postb;ui  quit  ratio  and  progression  along  the  stages- 
ot-change  continuum.  METHODS:  The  Cox  pro- 
portional ha/.ards  model  was  used  to  compiue  the 
postban  quit  ratio  between  the  intervention  and 
comparison  groups.  The  Cochran-Mantel-Haen- 
szel  analysis  of  variance  statistic  was  used  to  com- 
pare groups  on  the  stages-of-change  variables. 
RESULTS:  Beginning  with  the  smoking  ban  and 
continuing  for  5  years  after  implementation,  sta- 
listically  significant  differences  in  the  postban  quit 
ratio  were  obsened  between  employees  of  smoke- 
free  hospitals  w  ho  were  smokers  and  counlerp;irt.s 
in  the  community  (p  <  ().(K)1 ).  Despite  preban  dif- 
ferences in  smoking  intensity,  tlie overall  difference 
in  postban  quit  ratios  remained  significant  even 
afier  multivariate  adjustment  for  socioeconomic, 
demographic,  and  smoking  intensity  variables.  For 
tliose  sites  that  were  5  years  postban.  the  quit  ratio 
was  0.506  in  smoke-free  workplaces  compared 
w ith  0.377  in  workplaces  w here  smoking  was  per- 
mitted. In  all  but  1  category .  the  inten  ention  group 
was  further  along  the  stages-of-change  continuum 
toward  quitting  smoking  than  the  comparison 
gRiup  (p  <  0.001 ).  CONCLUSION:  AmericiUi  hos- 
pitals' experiences  with  smoking  bans,  which 
directly  affect  more  than  5  million  workers,  should 
be  examined  by  other  industries  as  a  method  of 
improving  employee  health.  Workplace  smoking 
bans  could  also  be  effective  in  sav  ing  lives,  reduc- 
ing health-care  costs,  addressing  safely  concerns, 
and  decreasing  operating  and  maintenance 
expenses  of  employers. 

The  .\genc)  for  Health  Care  Policv  and 
Research  Smoking  Cessation  Clinical  Practice 
(Guideline — Tlie  Smoking  Cessation  Clinical  Prac- 
tice Guideline  Panel  &  Staff  JAMA  1996:275 
(161:1270. 

OBJECTIVE:  To  summarize  the  Smoking  Ces- 
sation Clinical  Practice  Guideline  that  prov  ides 
recommendations  for  3  groups  of  professionals: 
primary  care  clinicians,  smoking  cessation  spe- 
cialists, and  health-care  administrators,  insurers, 
and  purchasers.  PARTICIPANTS:  An  indepen- 
dent panel  of  scientists,  clinicians,  consumers,  and 
methodologists  selected  by  the  U.S.  Agency  for 
Health  Care  Policy  and  Research.  EVIDENCE: 
English-language,  peer-reviewed  literature  pub- 
lished between  1975  and  1994  that  addresses  the 
assessment  anti  treatment  of  tobacco  dependence, 
nicotine  addiction,  and  clinical  practice.  CON- 
SENSUS PROCESS:  Four  panel  meetings  were 
held  over  2  years  to  evaluate  meta-analytic  and 
other  results,  to  synthesize  the  results,  and  to 
develop  recommendations.  The  Guideline  was 
repeatedly  reviewed  and  revised.  CONCLU- 
SIONS: The  panel  recommendations  address  3 
audiences.  Major  recommendations  for  primary 
care  clinicians  are  to  use  officewide  systems  to 
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Abstracts 


identify  smokers,  treat  every  smoker  with  a  ces- 
sation or  motivational  intervention,  offer  nicotine 
replacement  except  in  special  circumstances,  and 
schedule  I'ollow-up  contact  to  occur  after  cessa- 
tion. Major  recommendations  to  smoking  cessation 
specialists  iu'e  to  use  multiple  indi\  idual  or  group 
counseling  sessions  lasting  at  least  21)  minutes  each 
with  sessions  spanning  multiple  weeks,  offer  nico- 
tine replacement,  and  provide  problem-solving 
and  social  support  counseling.  Major  recom- 
mendations for  health-care  administrators,  insur- 
ers, and  purchasers  are  that  tobacco-user  identi- 
fication systems  be  used  in  all  clinics  and  that 
smoking  cessation  treatment  be  supported  through 
staff  education  and  training,  dedicated  staff, 
changes  in  hospital  policies,  and  the  provision  of 
reimbursement  for  tobacco-dependence  ffeatment. 

Short-Term  KfTicacy  of  I'ltrasdnically  Nebu- 
lized Hypertonic  Saline  in  Cystic  Fibrosis — PA 

Eng.  J  Morton.  JA  Douglass.  J  Riedler.  J  Wilson. 
CF Robertson.  Pediatr  Pulmonol  l'W6;2l(2):77. 

Progressive  lung  disease  in  patients  with  cystic 
fibrosis  iCFl  is  caused  by  thick  secretions,  which 
cause  airway  obstruction  and  subsequent  colo- 
nization and  infection  by  inhaled  pathogenic 
microorganisiTis.  Recently,  recombinant  human 
DNase  has  been  shown  to  reduce  the  viscoelas- 
ticity  of  sputum  in  patients  with  cystic  fibrosis  and 
to  improve  lung  function.  UIU-asonicall\  nebulized 
hypertonic  saline  (HSi  has  been  demonstrated  to 
enhance  mucixiliiuy  clearance  ;uid  sputum  expec- 
toration by  rehydrating  airway  secretions.  Luid  ma> 
therefore  pnn  ide  a  low-cost  allemalise.  We  stxid- 
ied  the  changes  in  pulmonary  function  and  symp- 
toms in  a  group  of  patients  with  CF  who  have 
moderate  to  severe  lung  disease.  The  patients  were 
evaluated  following  2  weeks  of  treatment  with  HS 
in  an  open-label  study.  Subjects  were  randomly 
allocated  to  receive  10  niL  of  either  O.y;}  NaCI 
(IS )  or  b'/i  NaCI  ( HS ).  Twice  daily,  prior  to  phys- 
iotherapy, treatments  were  delivered  by  a  portable 
ultrasonic  nehuli/er.  To  prevent  bronchocon- 
suiction.  WX)  mg  of  salbutamol  were  administered 
prior  to  the  nebulized  solutions.  A  symptom  score 
was  recorded,  and  spirometry  was  performed  on 
day  0  before  therapy  was  started,  on  day  14  (the 
last  day  of  therapy),  and  on  day  28  ( 14  days  after 
the  last  treatment  with  citlier  IS  or  HS).  Fifty-two 
patients  (.^2  males),  w itii  a  me;ui  age  of  Id. 2  (range 
7-.^6)  years  completed  the  study.  There  was  no 
difference  in  baseline  characteristics  between  the 
2  groups.  Following  2  weeks  of  treatment,  there 
was  a  significant  improvement  from  baseline  in 
FEV|  of  15.0  ±  16.0%  (mean  ±  SD)  in  patients 
treated  with  HS.  compared  with  a  change  of  2.8 
±  1 37f  in  those  on  IS  therapy  (p  =  0.004).  Fur- 
thermore, there  was  a  subjective  improvement  in 
the  elTectiveness  of  chest  physiotherapy  as  reported 
by  those  using  HS  (p  =  0.02 ).  The  treatment  w as 
well  tolerated.  We  conclude  that  in  patients  » ith 
CF.  ultrasonically  nebulized  hypertonic  saline 
improves  lung  function  in  a  way  similar  lo  that 


reported  for  human  recombinant  DNase  when 
inhaled  over  a  2-week  period.  Nebulized  saline 
also  enhances  the  perception  of  effectiveness  of 
chest  phvsiotherapy.  Sec  ihc  rchileil  editorial: 
Hypertonic  Saline  in  Cystic  Fibrosis — 07  Canny. 
Pediatr  Pnbmmol  1996:21:73-74. 

The  Role  of  Sleep-Disordered  Breathing  in 
Essential  Hypertension — TV  Co\.  JE  Dnii>.dale, 
S  Ancoli-Israel.  JL  Clausen.  Chest  I996;108 
(4):890. 

In  recent  years,  there  have  been  numerous  reports 
addressing  the  relationship  between  sleep-dis- 
ordered breathing  ( SDB )  and  h\  perlension  ( HTN ). 
This  study  investigated  the  relationship  betw  een 
SDB  and  BP  after  controlling  for  age.  gross  obe- 
sity, and  notably,  antihypertensive  medications. 
Sixty-seven  men  and  women  between  30  and  60 
years  of  age  and  between  0.90  to  1.5  times  ideal 
body  weight  were  swdied.  SDB  was  assessed  over 
2  nights  of  polysomnographic  monitoring,  and  BP 
was  measured  over  repeated  visits  to  the  hospi- 
tal. The  results  indicate  that  respiratory  disturbance 
index  (RDI)  independentlv  predicts  diastolic  BP 
(DBP).  accounting  for  15"^^  of  the  variance  in  DBP 
(p  =  ().()2).  In  subjects  with  severe  levels  of  SDB 
(RDI  >  30),  RDI  uniquely  accounted  for  36%  of 
the  variance  in  DBP  (p  =  0.003).  Interestingly. 
SDB  was  not  independently  related  to  systolic  BP. 
Tlie  ph\  siologic  mechanisms  responsible  for  these 
findings  are  currently  being  explored.  See  the 
related  editorial:  Hypertension  and  OSA:  Silent 
Hedpartners?—NA  Collop.  Chest  1996:109(4): 
S6i-S62. 

.\  Comparative  Study  of  the  Clinical  Efficacy 
of  NedcKTomil  .Sodium  and  Placebo:  How  Does 
Croniolj  n  Sodium  Compare  as  an  .-Kctive  Con- 
trol Treatment? — HJ  Schwanz.  M  Blumenthal. 
K  Brady.  S  Braun.  R  Lockey.  D  Myers.  L  Mans- 
field. M  Mullarkey.  G  Owens.  P  Ratner.  L 
Repsher.  A  van  As.  Chest  |y96;l()9(4):945. 

NedixTomil  sodium  and  cromolyn  scxliuni  are  the 
only  2  currently  available  nonsteroid  anti-infiam- 
maiory  agents  for  treatment  of  asthma.  Clinical 
differences  between  the  2  agents  remain  under  con- 
tinuous investigation  with  reports  differentiating 
the  two  on  the  basis  of  atopy  of  the  patient  and 
reversibility  of  bronchoconstriction.  This  study 
investigated  the  efficacv  of  nedocromil  sodium 
(4  mg.  qid)  for  treatment  of  mild-lo-moderate 
asthma  in  comparison  to  placebo  using  cromoK  n 
sodium  (2  mg.  qid)  as  an  acti\c  conU-ol  treatment. 
Patients  were  primarily  allergic  astlimatics  (with 
at  least  15%  reversibility)  previously  maintained 
on  a  regimen  of  regular  bronchodilator  therapy. 
Dunng  a  2-week  run-in  period,  the  patient's  slow- 
release  theophylline  therapy  was  removed,  and 
the  patients  were  randomized  to  treatment  after 
delenoration  of  asthma  control  ( asthma  symptom 
sumniiiry  score  of  3  for  7  of  the  14  days).  After 
8  weeks  of  treatment,  patients  were  returned  to 


as  occasion  requires  bronchodilator  therapy,  as 
per  the  2-week  baseline  period.  The  results  demon- 
sffate  that  patients  Seated  with  nedocromil  sodium 
showed  statistically  significant  improvements  dur- 
ing the  primary  time  peritxi  ( mean  w  eeks  3  tiirough 
8 )  over  placebo-treated  patients  as  e\  idenced  by 
all  indexes  of  asthma  symptoms,  pulmonary  func- 
tion measures,  and  decreased  bronchodilator 
reliance  (p  <  0.05).  Patients  treated  with  cromolyn 
sodium  demonstrated  similar  improvements  over 
placebo-U'eated  patients.  Comparisons  between 
nedocromil  sodium  and  cromolyn  sodium  showed 
the  2  agents  to  be  comparable  in  this  group  of  pri- 
marily allergic  patients  with  reversible  disease. 
Between-group  differences  were  noted  for  3  of 
the  13  variables  (nighttime  asthma.  FEV|.  and 
forced  expiratory  fiow  rate  between  25%-  and  75% 
of  the  FVC )  in  favor  of  cromolyn  sodium  w  hen 
the  data  were  pooled  during  the  primary  time 
period.  The  number  of  patients  missing  I  or  more 
days  from  work/school/regular  activity  due  to 
asthma  was  significantly  fewer  compared  with 
placebo,  and  favoring  nedocromil  sodium  over 
cromolyn  sodium.  No  differences  were  observed 
among  the  3  treatments  for  adverse  events.  This 
study  demonstrated  that  in  primarily  allergic 
patients  with  reversible  airways  disease, 
nedocromil  sodium  and  cromolyn  sodium  are  both 
significantly  more  effective  than  placebo  for  treat- 
ment of  mild-to-moderate  asthma. 

Inhaled  Corticosteroids  Do  Not  Prevent  the 
Development  of  Tolerance  to  the  Bron- 
choproteetive  Effect  of  .Salmeterol--S  Kalra. 
VA  Swystun.  R  Bhagal.  DW  Cockcroft.  Chest 
I996;I09(4):953. 

Twice  daily  inhaled  salmeterol  produces  rapid 
reduction  in  its  acute  bronchoprotective  effect 
against  methacholine  in  patients  with  mild  asthma. 
This  investigation  examined  tliis  effect  in  patients 
with  moderate  asthma  who  were  using  inhaled 
corticosteroids.  SL'BJECTTS  &  METHODS:  Eight 
asthmatic  volunteers  who  required  inhaled  cor- 
ticosteroids for  conuxil  of  their  symptoms  and  w  ho 
were  able  to  witlihold  treatment  w  ith  /3-2  agonists 
for  4  weeks  before  and  during  the  study  partic- 
ipated in  a  double-blind,  crossover,  placebo-con- 
trolled smdy  with  2  random-order  treatment  peri- 
ods: inhaled  salmeterol,  50  /ig  twice  a  day  for  7 
doses,  and  placebo  in  similar  fashion,  with  a  7- 
da\  or  greater  washout  between  these  periods. 
.Methacholine  inhalation  tests  were  done  I  hour 
after  doses  1 .  3.  5.  and  7.  and  then  24  hours  after 
the  last  dose  of  the  studv  inhaler.  1 0  minutes  post- 
200 /jg  salbutamol.  RESULTS:  Baseline  FEV, 
measurements  before  doses  3,  5,  and  7  of  sal- 
meterol, ie,  12  hours  after  salmeterol,  were  sig- 
nificantly higher  than  all  other  baseline  values. 
Twenty-four  hours  after  the  last  dose  of  salme- 
terol. the  FEV'i  was  no  different  from  that  dur- 
ing the  placebo  period.  The  geometric  mean 
methacholine  concentration  causing  a  20%  fall 
in  FEV|  (PCifil  following  the  third  dose  of  sal- 
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meterol  (6.8  mg/mL)  was  significantly  lower  than 
after  the  first  dose  of  salmeterol  ( 1 2.0  mg/mL: 
p  =  0.03 1 ).  and  this  reduction  of  bronchoprotection 
persisted  following  doses  5  and  7.  The  metha- 
choline  PC:(i  10  minutes  postsalbutamol  measured 
alter  iJie  salmeterol  pericxi  was  signific;mtly  lower 
than  after  placebo  ( 5.6  \  s  1 .1.1  mg/mL;  p  <  0.(X)  1 ). 
CONCLUSIONS:  Tolerance  lo  the  acute  bron- 
choprolective  effect  of  salmeterol  was  significant 
after  the  first  2  doses  and  persisted  after  the  sev- 
enth dose.  Tolerance  to  the  acute  bronchopro- 
tective  effect  of  salbutamol  was  also  significant 
after  regular  use  of  salmeterol  for  7  doses.  These 
elfects.  in  subjects  using  inhaled  corticosteroids 
regularly,  were  similar  to  those  previously  seen 
in  patients  with  mild  asthma  using  as-required  /}-2 
agonists  only,  indicating  that  tolerance  is  not  pre- 
vented by  use  of  inhaled  coilicosteroids.  See  the 
reluleil  ediumal:  Long-acting  ji-Agonists,  Tachy- 
phylaxis, and  Corticosteroids— MR  Sears.  Chest 
1996: 109  (4):862-S64. 

Inhalation  of  Single  vs  Multiple  Metered  Dose 
Hronehodilator  .Actuations  from  Reservoir 
Devices:  ,\n  In  \  itro  Study— JL  Rau.  RD 
Resu-epo.  V  Deshpande.  Chest  iy%;l09(4):96y. 

Differences  in  inhalation  technique  with  reservoir 
or  spacer  devices  may  affect  metered  dose  inhaler 
(MDl)  dose  availability  to  a  patient.  PURPOSE: 
This  study  examined  the  effect  of  single  versus 
multiple  actuations  of  an  MDI  into  reservoir 
devices  on  dose  delivery  of  albuterol,  with  .1  clin- 
ically available  reservoir  brands.  METHODS:  An 
in  vitro  lung  model  simulated  inspiration  from  the 
MDl  reservoir  system.  Albuterol  ( Proventil;  Scher- 
ing)  was  delivered  by  MDl.  with  the  Monaghan 
Aerochamber,  the  Diemolding  Healthcare  Divi- 
sion (DHD)  aerosol  cloud  enhancer  (ACE),  and 
the  Schering  InspirEase.  using  standardized  vol- 
umes and  inspiratory  flows  of  .10  L  min  '.The  MDl 
was  actuated  into  each  brand  of  reservoir  1 .  2,  or 
3  times  in  rapid  succession,  followed  by  a  single 
inhalation.  Aerosol  dose  at  the  reservoir  mouth- 
piece was  captured  on  a  cotton  filter,  dissolved 
in  ethanol.  and  measured  with  a  s[iectropholometer 
at  278  nm.  RESULTS:  For  all  3  brands  of  reser- 
voir, less  accumulated  dose  of  drug  is  delivered 
with  multiple  actuations  than  with  multiple  sin- 
gle actuations  each  followed  by  inhalation.  The 
total  dose  in  milligrams  increased  significantly 
with  2  multiple  actuations  compared  with  1  actu- 
ation in  the  aerochamber  and  ACE  (p  <  0.01 1.  but 
not  in  the  InspirEase  (p>0.().'il.  The  Aerocham- 
ber, ACE,  and  InspirEase  delivered  a  mean  total 
dose  (SD)  of  0.0264  mg  (0.012),  0.0271  mg 
(0.007),  and  0.0136  mg  (0.006),  respectively,  with 
1  actuation  compared  to  0.(M85  mg  (0.01 1 ).  0.()4.S3 
mg  (0.013),  and  0.02 18  mg  (0.009)  with  2  mul- 
tiple ;ictuations.  The  increase  in  total  dose  with 
3  multiple  actuations  was  not  significant  compiired 
to  2  actuations  for  any  of  the  brands  tested  ( p  > 
().().')).  Although  Iota!  dose  incrca.sed  with  multiple 
actuations,  a  decline  in  etficiencv  was  seen  w  ith 


2  and  3  multiple  actuations,  compared  to  single 
actuation.  The  dose  delivered  per  actuation 
decreased  for  the  Aerochamber,  ACE,  and 
InspirEase  from  0.0264  mg  (0.012),  0.027 1  mg 
(().(H)7).  and  0.0136  mg  (0.006)  with  1  actuation, 
to  0.0243  mg  (0.006),  0.0226  mg  (0.006),  and 
0.0109  mg  (O.(X).'i).  respectively,  with  2  inultiple 
actuations,  for  losses  of  8.0%,  I6.69r,and  I9.99r 
in  dose  per  actuation  for  each  brand.  A  further 
decline  in  delivery  per  actuation  to  0.0164  mg 
(0.00 1 ).  0.0 1 84  mg  (O.CXH),  and  0.(X)97  mg  (0.00.5 ) 
for  the  3  brands,  respectively,  was  found  with  3 
multiple  actuations  before  inhalation.  This  was 
a  loss  of  37.9%.  32.1%,  and  28.7%  of  the  dose 
per  single  actuation  in  each  brand.  There  was  no 
significant  difference  between  the  Aerochamber 
and  the  .ACE  in  dose  availability  with  1,  2,  or  3 
actuations,  but  both  of  these  brands  provided  sig- 
nificantly more  drug  than  the  InspirEase.  CON- 
CLUSION: Maximal  aerosol  hronehodilator  from 
an  MDI  reservoir  was  given  by  single  actuations 
each  followed  by  a  breath.  Two  rapid  actuations 
followed  by  a  breath  will  give  a  significant  accu- 
mulation of  dose  with  some  loss  when  compared 
to  2  single  actuations  each  followed  bv  inhalation. 
Three  multiple  actuations  led  to  a  loss  of  approx- 
imately one  third  of  tlie  drug  dose  obtainable  with 

3  single  actuations  each  followed  by  inhalation, 
lor  all  3  brands. 

\cntilator-.\s.sociated  Pneumonia  Due  to  Pseii- 

dnmonci\  Aeruginosa — SC  Brewer.  RG  Wun- 
dennk,  CB  Jones.  KV  Leeper  Jr.  Chest  1996:109 
(4):1019. 

OBJECTIVE:  Ventilator-associated  pneumonia 
( VAP)  caused  by  Pseiidonumas  iwniginoso  has 
been  associated  with  higher  c;ise  fatality  rates  than 
VAP  caused  by  other  bacterial  etiologies.  The 
causes  of  this  excess  mortality  are  unclear. 
DESIGN:  Retrospective  review  of  38  consecu- 
tive ventilated  patients  with  Pseudomonas  pneu- 
monia, documented  by  highly  reliable  methods. 
Charts  of  5  additional  patients  were  unavailable 
lor  review.  SETTING:  Medical  ICUs  of  a  uni- 
versity-affiliated Veterans  .Atfairs  Medical  Cen- 
ter and  a  university-affiliated  municipal  hospital. 
ME.ASUREMENTS:  Prospectively  collected  hos- 
pital admission  acute  physiologic  and  chronic 
health  examination  (APACHE)  II  scores  and  cause 
of  ICU  admission.  Retrospectively  calculated 
organ  failure  and  .APACHE  scores,  VAP  score. 
Clinical  and  microbiologic  variables.  Antibiotic 
treatment  and  outcome.  Direct  cause  of  death  by 
standard  definitions.  RESULTS:  Overall  mortality 
was  69%  (26/38),  significantly  higher  than  the 
APACHE  11  predicted  mortality  of  42,6%  (p  = 
0.037).  At  least  38%  (10/26)  of  deaths  were 
directly  attributable  to  Pseudomonas  VAP.  Mul- 
tivariate analysis  of  factors  associated  w  ilh  death 
found  infectious  cause  for  ICU  admission  (odds 
ratio  [OR]  =  S.67: 95%  confidence  interval  |C11, 
0.86  to  85.94)  and  number  of  organ  dysfunctions 
on  the  dav  of  diagnosis  (OR  =  1 .73. 95%  CI,  1 .02 


to  2.92)  were  significant.  Septic  shtx'k  from  P.seu- 
dcmionas  VAP,  septic  shock  from  subsequent 
infection,  and  multiple  organ  dysfunction  syn- 
drome were  the  most  common  immediate  causes 
ol  death.  .Mortality  increased  linearly  with  increas- 
ing AP.ACHE  II  score  on  the  day  of  diagnosis.  Of 
initial  antibiotic  regimens.  67%  (26/36)  were  con- 
sidered failures.  Persistent  pneumonia  occurred 
in  35%  of  patients  while  recunenl  pneumonia  was 
unusual  ( 1/38).  CONCLUSIONS:  Development 
of  Pseudomonas  pneumonia  results  in  a  mortal- 
ity rate  in  excess  of  that  due  to  the  presenting  ill- 
ness. The  attributable  mortality  determined  by  sev- 
eral means  appears  to  approach  40%.  The  excess 
monality  appears  to  be  related  to  the  host  defense 
response  to  the  pneumonia  rather  than  any  char- 
acteristic of  the  pneumonia.  Even  standard  antibi- 
otic regimens  fail  frequently  and  do  not  prevent 
the  excess  mortality.  Since  at  least  38%  of  deaths 
can  be  directly  attributable  to  the  Pseudomonas 
pneumonia,  improvement  in  therapy  is  needed. 

The  Effects  of  Neuromuscular  Paralysis  on  Sys- 
temic and  Splanchnic  Oxysen  I'tilizatiun  in 
Mechanically  \  entilated  Patients — PH  M.iiik, 
D  Kaufman.  Chest  1996;1()9(4):I038. 

OBJECTIVE:  To  evaluate  the  effect  of  neuro- 
muscular paralysis  on  systemic  and  splanchnic 
oxygen  utilization  in  patients  in  respiratory  fail- 
ure during  conn-oiled  mech;uiical  ventilation.  SET- 
TING: A  university-affiliated  teaching  hospital. 
INTERVENTION:  Mechanically  ventilated 
patients,  who  were  unilergoing  hemodynamic 
niomloring  and  who  had  a  gastric  intramucosal 
pH  (pHi)of  less  than  7.35,  were  studied.  Prior  lo 
paralv sis.  the  patients  were  sedated  w ith  lorazepam 
and  morphine  to  standard  end  points,  and  the  car- 
diac output  and  oxygenation  were  optimized.  The 
patients  were  then  paralyzed  with  doxacurium  and 
the  ventilator  rate  adjusted  to  keep  the  P.,ro:  at 
baseline  v  aluc.  The  henuxlyniuiiic  ;uid  oxygenation 
profile  and  pHi  were  determined  prior  to  paral- 
ysis and  repealed  2  to  2.5  hours  later.  RESULTS: 
Eight  patients  were  studied;  their  mean  age  was 
63  ±  8  years  and  acute  physiology  and  chronic 
health  ev  aluation  11  score  was  22  ±  4.  The  mean 
fraction  of  inspired  oxygen,  positive  end-expiratory 
pressure,  and  venous  admixture  ratio  prior  to  the 
study  was  0.7  ±  0. 14,  1 1 .8  ±  2.4  cm  HiO,  and  26 
±  9%,  respectively.  Prior  to  paralysis,  the  mean 
set  assist  controlled  ventilation  rate  was  15  ±  2 
hreaths/min  and  the  patient  rate  was  23  ±  5 
breaths/min.  With  neuromuscular  paralysis,  the 
cardiac  index  fell  from  4.6  ±  2.2  lo  4.3  ±  2.4 
L/min/m-  (p  =  0. 1 ),  the  oxygen  delivery  fell  from 
537  ±  1 29  to  47 1  ± 95  ml7min/m-  (p  =  0.03),  and 
the  oxygen  consumption  and  extraction  ratio  fell 
from  200  ±  77  to  1 49  ±  35  mL/min/m-  (p  =  0.03 ) 
and  36  ±  5  to  3 1  ±  10,  respectively  (p  =  0.2).  The 
pHi  increased  from  7.2 1  ±  0.16  to  7.29±0.1  (p 
=  0.02).  CONCLUSION:  In  critically  ill  patients 
in  respiratory  failure,  neuromuscular  paralysis 
decreases  whole  body  oxygen  consumption  and 
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increases  pHi.  Presumahly.  by  eliminating  the 
work  of  breathing,  there  is  a  redistribution  of  blixx] 
flow  from  the  respiratory  muscles  to  the  splanch- 
nic and  other  nonvital  vascular  beds. 

Cumulative  Dose-Respoasc  Study  of  Non-CFC 
Propellant  HKA  134a  Salbutamol  Sulfate 
Metered  Dose  Inhaler  in  Patients  with 
Asthma— EC  Kleemp.  DP  Tashkin.  AC  Cline. 
BP  Ekholm.  Chest  1996;  109:70:. 

OBJECTIVE:  This  study  compares  the  safety  and 
efficacy  of  HFA  1 34a  salbutamol  sulfate  ( Airomir 
in  the  3M  CFC-free  system  [3M  Pharmaceuticals]) 
and  CFC  11/12  salbutamol  (Ventolin  [Allen  & 
Hanburys] )  in  a  cumulative  dose-response  (1,1, 
2.  4.  8  inhalations  at  30-min  intervals)  study  in 
asthmatic  patients.  DESIGN:  Randomized,  sin- 
gle-blind, 2-period  crossover  study.  PARTICI- 
PANTS: Twenty-four  stable  mild  to  moderate 
asthmatics.  MEASUREMENTS  &  RESULTS: 
At  all  cumulative  inhalations,  the  changes  in  FEV  i 
(absolute,  percent,  and  percent  predicted)  and  FVC 
were  equivalent.  There  was  also  no  significant 
difference  in  heart  rate,  serum  potassium  le\e!. 
BP.  12-lead  ECG.  Holter  monitor  recordings,  or 
adverse  events.  Both  HFA  1 34a  salbutamol  sul- 
fate and  CFC  11/12  salbutamol  displayed  a  sig- 
nificant dose-resp(inse  for  FEV|.  FEFi^.vjt;.  FVC. 
serum  potassium,  heart  rate,  and  systolic  BP. 
CONCLUSIONS:  HFA  134a  salbutamol  sulfate 
and  CFC  1 1/12  salbutamol  produced  clinically 
and  statistically  similar  airway  responses  and  side 
effects.  These  results  indicate  that  HFA  134a 
salbutamol  sulfate  would  be  a  safe  and  effective 
substitute  for  CFC  11/12  salbutamol. 

Effect  of  Treatment  with  Zileuton.  a  5-Lipoxy- 
genase  Inhibitor,  in  Patients  with  .\sthnia:  A 
Randomized  Controlled  Trial — E  Israel.  J  Cohn, 
L  Dube,  JM  Drazen.  for  the  Zileuton  Clinical  Tnal 
Group.  JAMA  199ft:275(  12):93I. 

OBJECTIVE:  To  study  the  effect  of  3  months  of 
treatment  with  zileuton,  an  inhibitor  of  the  enzy- 
matic pathway  (.'i-lipoxygenase)  leading  to 
leukotriene  formation,  on  disease  control  in  patients 
with  mild  to  moderate  asthma.  DESIGN:  Ran- 
domized, double-blind,  parallel-group  study  in  401 
patients.  A  10-day  placebo  lead-in  was  followed 
by  a  double-blind  treatment  period  of  1 3  weeks. 
SETTING:  Asthma  study  clinics  in  university  hos- 
pitals and  private  practices.  PATIENTS  OR 
OTHER  PARTICIPANTS:  Patients  with  mild  to 
moderate  asthma  ( forced  expiratory  volume  in  the 
first  second  1FEV,|,  409;  to  80'7f  of  predicted) 
whose  only  treatment  was  inhaled  /J-agonists. 
INTERVENTIONS:  Treatment  with  fiOO  mg  or 
400  mg  of  zileuton  or  placebo  (each  taken  4  times 
daily).  MAIN  OUTCOME  MEASURES:  Fre- 
quency of  asthma  exacerbation  requiring  treatment 
with  corticosteroids,  use  of  inhaled  ^agonists,  pul- 
monary function  tests,  asthma  symptom  assess- 
ment, and  quality-of-life  evaluation.  Safety  was 


evaluated  by  monitoring  adverse  events. 
RESULTS:  Only  eight  (6.1%)  of  132  patients 
receiving  600  mg  of  zileuton  4  times  a  day  required 
corticosteroid  treatment  for  asthma  versus  21 
( 15.6%)  of  135  patients  receiving  placebo  (p  = 
0.02 ),  giving  a  relative  risk  of  2,6.  At  the  time  of 
expected  peak  drug  concentration,  the  average 
FEV|  improved  15,7%  in  the  600-mg  zileuton 
group  versus  7,7%  in  the  placebo  group  (p  = 
0.006).  Quality-of-life  assessments  significantly 
improved  in  the  6()()-mg  zileuton  group  and  not 
in  the  placebo  group  (p  =  0.007  for  the  overall 
score).  Elevations  in  liver  function  tests  (more  than 
3  times  normal),  all  of  which  reversed  with  drug 
withdrawal,  occurred  in  5  patients  (p  =  0.03  vs 
placebo),  3  patients  (p  =  0,12vs  placebo),  and  no 
patients  treated  w  ith  6(K)  mg  of  zileuton.  400  mg 
of  zileuton.  or  placebo,  respectively.  CON- 
CLUSIONS: Three  montlis  of  5-lipoxygenase  inhi- 
bition produced  a  significant  improvement  in 
asUima  control.  These  data  indicate  that  5-lipoxy- 
genase products  ofarachidonic  acid  metabolism 
are  mediators  of  inlJammation  with  an  important 
role  in  the  biology  of  asthma. 

.Adenosine  Infusion  Improves  Oxygenation  In 
Term  Infants  with  Respiratory  Failure — GG 

Konduri.  DC  Garcia.  NJ  K;izzi.  S  Shankaran.  Pedi- 
atrics 1996:97(31:295. 

OBJECTIVE:  Adenosine  infusion  causes  selec- 
tive pulmonary  vasodilation  in  fetal  and  neona- 
tal lambs  with  pulmonary  hypertension.  We  inves- 
tigated the  effects  of  a  continuous  infusion  of 
adenosine  on  oxygenation  in  term  infants  with  per- 
sistent pulmonary  hypertension  of  newborn 
(PPHN).  DESIGN:  A  randomized,  placebo-con- 
trolled, masked  trial  comparing  the  efficacy  of 
inu-avenous  infusion  of  adenosine  to  nomial  saline 
infusion  over  a  24-hour  period.  SETTING:  Inborn 
and  outbom  level  III  neonatal  intensive  care  units 
at  a  university  medical  center.  PARTICIPANTS: 
Eighteen  term  infants  with  PPHN  and  arterial  post- 
ductal  PO2  of  60  to  1 00  torr  on  inspired  O:  con- 
centration of  100%  and  optimal  hyperventilation 
(PjCO-  <  ?0  torr)  were  enrolled  into  the  study. 
Study  infants  were  randomly  assigned  to  receive 
a  placebo  infusion  of  normal  saline,  or  adenosine 
infusion  in  doses  of  25  to  50  ^g/kg/min  over  a  24- 
hour  period.  RESULTS:  Nine  infants  each 
received  adenosine  or  placebo.  The  2  groups  did 
not  differ  in  birthweight.  gestational  age.  or  blood 
gases  and  ventilator  requirements  at  the  time  of 
entry  into  the  study.  Four  of  9  infants  in  the  adeno- 
sine group  and  none  of  the  placebo  group  had  a 
significant  improvement  in  oxygenation,  defined 
as  an  increase  in  postductal  PjO;  of  >  20  tort  from 
preinfiision  baseline.  The  mean  PaO;  in  the  adeno- 
sine group  increased  from  69  +  19  at  baseline  to 
94+15  during  50  ^g/kg/niin  infusion  rate  of 
adenosine  and  did  not  change  significantly  in  the 
placebo  group.  Arterial  blood  pressure  and  heart 
rate  did  not  change  during  the  study  in  either  group. 
The  need  for  extracorporeal  membrane  oxy- 


genation, incidence  of  bronchopulmonary  dys- 
plasia, and  mortality  were  not  different  in  the  2 
groups.  CONCLUSION:  Data  from  this  pilot  study 
indicate  that  adenosine  infusion  at  a  dose  of  50 
^g/kg/min  improves  PaO:  in  infants  with  PPHN 
without  causing  hypotension  or  tachycardia.  Larger 
trials  are  needed  to  determine  its  effects  on  mor- 
tality and/or  need  for  extracorporeal  membrane 
oxygenation  in  infants  with  PPHN. 

Improvement  in  Ptilnionary  Function  and  Elas- 
tic Recoil  after  I.ung-Reduction  Surgery  for 
Diffuse  Emphysema — EC  Sciurba.  RM  Rogers. 
RJ  Keenan.  WA  Sliv  ka.  J  Gorcsan  111,  PF  Person. 
JM  Holbert.  ML  Brow  n.  RJ  Landreneau,  N  Engl 
J  Med  1996:334(171:1095. 

BACKGROUND:  Pulmonary  function  may 
improve  after  surgical  resection  of  the  most  severely 
affected  lung  tissue  (lung-reduction  surgery)  in 
patients  with  diffuse  emphysema.  The  basic  mech- 
anisms responsible  for  the  improvement,  however, 
are  not  known.  METHODS:  We  smdied  20  patients 
with  diffuse  emphysema  before  and  at  least  3 
months  after  either  a  unilateral  or  a  bilateral  lung- 
reduction  procedure.  Clinical  benefit  was  assessed 
by  measurement  of  the  6-minute  walking  distance 
and  the  u-ansitional-dyspnea  index,  which  is  a  sub- 
jective rating  of  the  change  from  ba.se  line  in  func- 
tional impaimient  and  the  threshold  for  effort-  and 
task-dependent  dyspnea.  Pressure-volume  relations 
in  the  lungs  were  measured  with  static  expiratory 
esophageal-balkKjn  techniques,  and  right  ventricular 
systolic  function  was  assessed  by  echocardiog- 
raphy. RESULTS:  The  patients  had  significant 
improvement  in  the  transitional-dyspnea  index  after 
surgery  (p  <  0.001 ).  The  mean  (±  SD)  coefficient 
of  retraction,  an  indicator  of  elastic  recoil  of  the 
lung,  improved  (from  1 .3  ±  0.6  cm  of  water  per 
liter  before  surgery  to  1 .8  ±  0.8  after,  p  <  0.001 ). 
Sixteen  patients  with  increased  elastic  recoil  had 
a  greater  increase  in  the  distance  walked  in  6  min- 
utes than  the  other  4  patients,  in  whom  recoil  did 
not  increase  (p  =  0.02).  The  improved  lung  recoil 
led  to  disproportionate  decreases  in  residual  vol- 
ume as  compared  with  total  lung  capacity  ( 16% 
vs  6%).  but  the  decreases  in  both  \  alues  were  sig- 
nificant (p  <  O.CWl ).  Forced  expiratory  volume  in 
1  second  increased  (from  0.87  ±  0.36  to  1 . 1 1  ±  0.45 
liters,  p  <  0.(X)1 ).  End-expiratory  esophageal  pres- 
sure also  decreased  (p  =  0.002).  These  improve- 
ments in  lung  mechanics  led  to  a  decrease  in  the 
partial  pressure  of  arterial  carbon  dioxide  from  42 
±  6  to  38  +  5  mm  Hg  (p  =  0.006).  Furthemiore, 
the  fractional  change  in  right  venuicular  area,  an 
indicator  of  systolic  function,  increased  from  0.33 
±  0. 1 1  to  0.38  ±  0. 1 0  (p  =  0.02 ).  CONCLUSIONS: 
Lung-reduction  surgery  can  increase  the  elastic 
recoil  of  the  lung  in  patients  with  diffuse  emphy- 
sema, leading  to  short-tenn  improvement  in  dys- 
pnea and  exercise  tolerance.  See  the  relcued  edi- 
torial: Surgery  To  Reduce  Lung  Volume— DR 
Dantd<er.  SM  Scharf.  N  Engl  J  Med  1996:334 
(17):112S-II29 
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Wliat  We  Say  versus  Wliat  We  Do 


I'm  sure  lh;it  it's  ruit  exactly  'hot'  news  that  the  health  care 
industiy  is  in  a  state  of  incredible  change.'  While  we  acknowl- 
edge countless  examples  of  different  approaches  to  re-engi- 
neering, restructuiing.  'downsizing,"  vertical  integration,  hor- 
izontal integration,  and  on  and  on  and  on.  we  must  never  forget 
that  the  prime  catalyst  is  the  need  for  our  health-care  deliv- 
ery .system  to  make  the  transition  from  a  cost-plus  or  fee-for- 
service  payment  system  to  a  capitated  or  risk-related  payment 
system.  If  such  a  transition  were  not  called  for  as  part  of  an 
effort  to  control  health-care  expenditures,  then  I  feel  it's  safe 
to  assume  that  restructuring,  re-engineering,  and  downsiz- 
ing would  be  no  more  popular  in  the  90s  than  it  was  in  ear- 
lier decades. 

Many  health-care  providers  have  witnessed  elimination 
of  their  jobs.  No  category  of  health-care  worker  from  CEO 
on  down  (even  including  chaplains)  has  failed  to  expeiience 
some  degree  of  job  elimination  in  acute  care  settings.  Cer- 
tainly, respiratory  care  practitioners  are  no  exception. 

Our  profession  has  resisted  efforts  to  eliminate  jobs  because 
we  believe  that  we  are  best  able  to  render  respiiaton'  care  pro- 
cedures. Many  of  us  belicNc  that  restructuring  and  re-engi- 
neering are  the  major  culprits  driving  job  elimination — but 
this  simply  isn't  true.  We  often  draw  the  comparison  between 
disease  and  symptoms,  and  I  think  it's  appriipriate  to  recognize 
the  'disease'  as  an  ever-decreasing  utilization  of  services 
offered  by  hospitals.  The  symptoms  of  the  disease  are  down- 
sizing, restructuring,  and  re-engineering.  Put  another  way, 
if  hospital  utilization  continues  to  decrease.  Jobs  of  all  types 
will  be  eliminated.  Even  if  there  were  no  efforts  to  restruc- 
tiMC  and  re-engineer,  jnil  simply  it's  a  matter  of  supply  and 
demand.  As  demand  for  services  decreases — if  nothing  else 
changes — then  it  follow  s  that  fewer  human  resources  will  be 
needed  to  meet  the  reduced  demand.'  This  will  happen  w  ith 
or  without  restrucliuiiig  or  re-engineering. 

I'm  sine  that  many  of  you  realize  the  true  dynamics  of 
change  in  health  care.  But  what  we  seem  to  be  stniggling  with, 
in  some  instances,  is  a  difference  between  w  hat  we  say  and 
what  we  do.  I  believe  that  one  pailicular  activity  neetis  imme- 
diate attention  because  many  of  the  concepli<ins  regarding 
respiratory  care  practitioners  and  what  we  do  seem  to  flow 
from  this  activity.  Let's  call  it  the  treat-and-leave  scenario. 
Have  you  ever  watched  a  respiratory  care  practitioner  enter 
a  patient's  room,  start  the  patient  on  a  small-volimie  neb- 
ulizer treatment  and  then  leave  the  rtium.  perhaps  to  start 


another  treatment'?  Have  you  ever  watched  one  of  your  col- 
leagues initiate  an  aerosol  treatment,  remain  in  the  room  (phys- 
ically), but  seem  to  notice  everything  in  the  room  except  the 
patient'.'  I'm  sure  this  is  a  rarity  throughout  the  United  States. 
The  reason  I  know  it  must  be  flows  from  the  fact  that  we  as 
a  profession  consistently  argue  against  downsizing.  We  con- 
sistently argue  against  transferring  so-called  routine  respi- 
ratory care  treatments  to  non-respiratory  care  practitioners, 
and  we  support  both  arguments  by  saying  that  we  are  the  onl) 
profession  trained  and  qualified  to  render  respiratory  care 
procedures.  We  know  how  to  operate  the  equipment,  instnict 
the  patient,  coach  the  patient,  and  constanll)  ev  aluate  and 
assess  the  patient  on  behalf  of  the  attending  physician.  We 
then  convey  our  findings  to  the  attending  physician  through 
appropriate  communication  channels.  We  also  aggressively 
seek  order  changes  when,  in  our  opinion,  after  performing 
appropriate  assessment,  we  believe  that  the  cunent  order  does 
not  match  the  patient's  needs.  We  thereby  uifluence  use  of 
services,  in  addition  to  rendering  the  care  itself,  and  we  most 
certainly  have  strong  communication  ties  w ith  nurses  and 
other  members  of  the  mullidisciplinaiy  team  in  order  to  keep 
them  abreast  of  the  patient's  progress  from  the  perspective 
of  the  respiratory  care  practitioner. 

That's  what  we  like  to  say,'  "■  but  every  time  a  respiratory 
care  practitioner  starts  a  treatment  and  leaves  the  room,  he 
or  she  is  saying,  "You  don't  need  us  to  peifomi  this  task."  Every 
time  a  respirator  care  practitioner  stands  idly  by  the  patient's 
bedside  w  ithout  relating  to  that  patient  other  than  to  take  an 
occasional  pulse  and  consult  the  clock,  we're  telling  all  w  ho 
"buzz'  in  and  out  of  that  room  that  they  don't  need  us.  I5o  \ou 
ever  wonder  w  hv  some  hospital  executives  and  nurses  and 
management  consultants  believ  e  that  respiratory  care  prac- 
titioners are  not  neeileil  for  routine  services?  It's  because  they 
have  observed  such  behaviors  in  respiratory  care  practitioners, 
and  they  believ  e  w  hal  the  liehaviors  are  saving  rather  than  what 
the  respiratoiy  care  profession  is  saying  in  terms  ot  their  being 
indispensable  to  successful  respiratory  care  interventions. 

A  few  hospitals  have  effectivelv  transfeiTcd  responsibil- 
ity for  routine  respiratory  care  procedures  to  non-respiratory 
care  practitioners.  Those  non-respiratory  care  practitioners 
include  registered  nurses,  licensed  practical  nurses,  unlicensed 
assistive  personnel,  and  others.  To  my  know  ledge,  the  train- 
ing provided  to  these  substitute  caregivers  is  marginal  at  best. 
Training  seems  to  encompass  the  molt)r  skills  necessary  to 
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render  routine  treatments  and  to  provide  information  about 
operation  of  the  devices.  Very  linle,  if  any,  training  addresses 
the  reasons  that  patients  are  receiving  treatment,  appropriate 
assessment,  the  role  of  coaching  to  optimize  therapeutic  results. 
and  the  ongoing  evaluation  of  the  appropriateness  of  the  pro- 
cedures in  light  of  the  patient's  condition.  Ultimately,  these 
efforts  will  fall  short  of  the  mark  in  terms  of  decreasing  costs. 
if  for  no  other  reason  than  the  absence  of  adequate  utilization 
control.  Bear  in  mind  that  one  of  the  "assumptions  of  con- 
venience' that  is  at  work  in  this  sccnariii  is  that  all  orders  for 
respiratory  care  services  are  appropriate  and  remain  appro- 
priate for  the  duration  of  the  order.  Now  we  all  know  this  sim- 
ply isn't  true.  Indeed,  in  some  institutions  efforts  have  been 
made  to  measure  the  percentage  of  inappropriate  orders.''  Yet. 
when  we  start  a  treatment  and  leave  the  room  or  when  we  fail 
to  interact  constantly  with  the  patient  throughout  the  therapy, 
we  are  saying  that  meaningful  assessment,  coaching,  and  con- 
tinual evaluation  of  the  appropriateness  of  the  order  are  not 
important.  We.  therefore,  make  it  easy  for  some  "downsizer" 
to  coine  in,  identify  routine  respiratory  services  as  clinical 
responsibility  that  can  be  shifted  inexpensively,  and  have  such 
a  recommendation  readily  accepted. 

Many  of  our  colleagues  recognize  the  need  to  provide  treat- 
ments con-ectly.  They  want  to  instruct,  they  want  to  coach, 
they  want  to  assess,  they  want  to  evaluate,  and  they  want  to 
make  recommendations  concerning  appropriateness  of  res- 
piratory care  orders  related  to  patient  condition,  but  they  are 
"under  the  gun.'  Many  top  decision  makers  in  hospitals  have 
conveyed  by  edict  that  staffing  be  fixed  at  a  certain  level.  In 
many  instances,  staffing  levels  do  not  permit  respiratory  care 
practitioners  to  render  all  treatments  in  the  hospital  on  a  one- 
on-one  basis.  I  have  the  feeUng  that  this  trend  is  growing,  and 
if  it  is.  perhaps  now  is  a  good  time  for  us  to  move  toward  cre- 
ating a  system  that  allows  us  to  "downshift"  certain  patients 
within  the  hospital.  I  propose  that  we  develop  a  system  that 
relegates  patients  requiring  respiratory  care  treatments  to  one 
of  two  categories — Category  A;  those  who  require  the  ser- 
vices of  a  respiratory  care  practitioner;  and  Category  B:  those 
who,  after  appropriate  instruction  from  a  respiratory  care  prac- 
titioner,^'^"  can  self-administer  their  therapy.  I  believe  that 
it's  better  that  we  formally  recognize  that  many  patients  receiv- 
ing respiratoiy  care  treatments  are  in  effect — by  default — self- 
administering.  (What  would  you  call  it  when  someone  starts 
a  treatment  and  leaves  the  room?)  Why  don't  we  recognize 
this  fact'?  After  all.  the  days  of  cost-plus  reimbursement  are 
ending.  Why  not  redesign  our  delivery  systems  to  be  com- 
patible with  the  new  system? 

Here's  how  it  would  work.  When  patients  are  initially 
ordered  on  respiratory  care  treatments,  a  qualified  respira- 
tory care  practitioner  visits  the  patient  and  performs  an  in- 
depth  assessment.  This  assessment  not  only  addresses  the 
more  obvious  physical  and  disease-related  aspects  of  the 
patient's  condition  but  also  seeks  out  infomiation  concerning 
chronicity  and  the  potential  for  the  patient  to  require  ther- 


apy after  discharge.  Patients  who  have  chronic  pulmonary 
diseases  or  conditions  and  who  self-administer  therapy  at 
home  are  ideal  candidates  for  such  a  self-administration  pro- 
gram. Once  the  care  team  agrees  that  a  particular  patient 
should  and  could  self-administer  treatment,  then  a  program 
of  instruction  is  undertaken  by  the  respiratory  care  practi- 
tioner. During  the  instruction,  the  patient's  ability  to  self- 
administer  treatment  is  assessed,  w  ith  both  physical  and  psy- 
chological factors  considered.  Once  the  patient  has  "graduated' 
from  the  instruction  phase,  then  responsibility  for  physician- 
ordered  compliance  is  shared  by  the  patient,  the  nurse,  and 
the  respiratory  care  practitioner  assigned  to  the  patient.  The 
patient,  of  course,  must  undertake  the  treatment  consistent 
with  physician  orders.  The  nurse  (because  she  is  the  person 
in  contact  with  the  patient  for  the  greatest  number  of  hours) 
can  offer  reminders  and  make  the  respiratory  care  practitioner 
aware  of  noncompliance  with  physician  orders.  The  respi- 
ratory care  practitioner  monitors  the  patient's  self-treatment, 
offers  tips  regarding  technique,  and,  of  course,  peifonns  daily 
assessments  of  the  patient's  condition  and  the  appropriateness 
of  the  respiratory  care  order.  This  information  plus  whatever 
suggestions  and  recommendations  may  be  wananted  is  fed 
back  to  the  ordering  physician. 

Of  course,  the  patient  in  Category  A  will  be  treated  in  a 
more  traditional  fashion,  utilizing  the  full  range  of  services 
of  respiratory  care  practitioners  who  have  enough  time  to 
instnact  the  patient  concerning  the  procedure,  coach  the  patient 
during  the  procedure,  and  evaluate  the  patient's  progress  and 
condition  on  behalf  of  the  ordering  physician.  These  inter- 
ventions, coupled  with  a  well-trained  respiratory  care  prac- 
titioner who  is  committed  to  making  a  positive  difference  with 
each  and  every  patient  he  or  she  encounters,  will  go  a  long 
way  toward  alleviation  of  the  disparity  between  what  some 
members  of  our  profession  say  and  w  hat  they  do.  Such  an 
approach  must  recognize  'up  front"  and  honestly  that  not  all 
patients  under  today's  condition  can  expect  to  receive  sei"vices 
in  some  hospitals  from  respiratory  care  practitioners.  Shuf- 
fling tasks  to  others  who  are  not  prepared  by  education,  train- 
ing, and  competency  testing  is  not  the  answer,  and  treating 
and  leaving  is  most  certainly  not  the  answer.  But,  by  using 
our  knowledge  and  recognizing  that  not  every  patient  needs 
a  respiratory  care  practitioner  every  time  a  treatment  is  needed, 
we  can  move  forward  as  part  of  the  change  process  in  health- 
care delivery  today — rather  than  continuing  to  sometimes  send 
a  message  that  has  and  can  continue  to  hurt  patients,  nurses, 
physicians,  hospital  administrators,  third-party  payers,  and 
respiratory  care  practitioners.  I  believe  that  we  do  have  an 
opportunity  to  make  an  important  difference,  without  com- 
promising the  quality  of  care.  What  do  you  think? 

Sam  P  Giordano  MBA  RRT 

Executive  Director 
American  Association  for  Respiratory  Care 

Dallas,  Texas 
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Low-Dose  Theoph)lline  Therapy — or  Sometimes  Less  Is  More 


Very  provocative  results  from  a  study  of  asthma  therapy 
appear  in  this  issue  of  RESPIRATORY  Care.  Emad'  perfomied 
a  6-month  stud\  of  1 20  asthmatic  subjects  in  3  groups — receiv- 
ing standard  therapy,  standard  therapy  plus  placebo,  or  stan- 
dard therapy  plus  theophylline.  The  outcome  variables  were 
peak  expiratory  flow  (PEFR).  forced  expiratory  volume  in 
1  second  (FEV|),  and  forced  vital  capacity  (FVC)  to  assess 
lung  function  and  hospital  admissions  prior  to,  during,  and 
after  the  6-month  trial  to  assess  a  clinically  important  effect. 

The  data  show  that  only  in  the  low-do.se  theophylline  group 
was  there  an  improvement  in  lung  function.  In  addition  only 
in  this  low-dose  theophylline  group  were  the  hospital  admis- 
sions lower  in  the  6  months  after  treatment.  Few  side  affects 
were  noted.  The  author  concludes  "that  this  mode  of  treat- 
ment could  be  beneficial  with  no  major  or  significant  side 
effects."  The  reason  they  conclude  this  is  that  theophylline 
given  at  250  mg  every  other  day  would  achieve  blood  lev- 
els well  below  the  le\els  nomially  associated  with  side  effects. 
What  makes  this  study  intriguing  is  the  fact  that  such  a  low 
dose  of  theophylline  would  have  any  effect  at  all. 

As  with  almost  any  clinical  study,  this  one  suffers  from 
certain  deficiencies  and  shortcomings.  However,  before  I  dwell 
on  these  problems,  I  need  to  put  a  couple  of  things  straight. 
First,  my  own  experience  tells  me  that  clinical  investigation 
can  be  challenging — even  under  the  best  of  circumstances. 
Numerous  hurdles  have  to  be  overcome  to  perform  even  the 
simplest  clinical  investigation;  as  an  example,  consider  the 
problems  with  sending  a  protocol  through  the  Institutional 
Review  Board.  Second,  additional  problems  arise  when,  as 
in  this  study,  larger  numbers  (n  >  12)  and/or  longer  (>  1  week) 
periods  of  time  are  involved.  Furthermore,  my  own  experi- 
ence while  in  Canada  and  discussions  with  my  international 
colleagues  convince  me  that  conducting  research  in  other  coun- 
tries adds  another  degree  of  difficulty  to  the  enterprise.  Accord- 
ingly, it  is  reasonable  to  suppose  that  conducting  research  in 
a  country  such  as  Iran  must  have  presented  some  formidable 
challenges  to  the  investigator.  Lastly,  there  is  the  danger  that 
we  may  judge  these  data  looking  through  glasses  that  are  col- 
ored by  our  opinions  of  the  politics  of  government  of  this  par- 
ticular country.  Science  must  be  above  governmental  poli- 
tics. We  must  take  the  colored  glasses  off!  With  these  thoughts 
in  mind  and  given  the  perceived  degrees  of  difficulty,  let  us 
allow  some  latitude  in  assessing  this  study. 

Then.  too.  in  discussing  the  shortcomings  of  this  study  con- 
sider many  of  these  comments  as  an  impetus  to  repeat  the  study. 


Because,  as  we  will  see,  the  results  of  this  study  ai'c  poten- 
tially important  enough  to  suggest  that  they  be  confirmed. 

The  details  of  lung  function  measurement,  especially  qual- 
ity control  of  the  data.  I  found  to  be  sketchy.  This  may  not 
be  serious  as  the  study  does  have  a  number  of  controls.  I  would 
quibble  with  the  statement  that  the  asthma  of  the  patients  was 
moderate  given  that  the  group  on  the  whole  had  an  FEV  i  of 
50%  of  predicted.  This  is  important  because  the  effect  of  drugs 
used  in  asthma  often  is  influenced  by  disease  severity.  I  am 
also  surprised  by  the  homogeneity  of  tlie  lung  function  among 
groups,  given  the  manner  of  group  assignment.  It  would  have 
been  helpful  to  have  had  symptoms,  peak  flows,  and  AM-PM 
lability  data  recorded  in  patient  diaries.  Again,  diary  and  global 
assessments  would  certainly  be  easy  to  add  in  a  follow-up  study. 
It  is  unclear  how  the  hospital  admissions  were  in  fact  deter- 
mined. Then  too,  the  finding  that,  following  the  end  of  theo- 
phylline treatment,  admissions  only  decreased  after  the  treat- 
ment period  seems  strange  as  others  ha\e  reported  clinical 
deterioration.-  One  would  have  guessed  tliat  admissions  would 
decrease  only  diiriiii;  the  treatment  period.  An  explanation 
for  these  data  would  be  some  sort  of  beneficial  'rebound'  phe- 
nomenon, but  i  do  not  recall  any  other  study  reporting  such 
a  phenomenon.  The  mainstream  asthma  investigator  would 
ha\e  obtained  lavage  data  or  even  had  biopsies  performed, 
but  those  procedures  may  not  have  been  feasible  at  the  author's 
institution.  Current  practice  in  asthma  studies  is  to  include  a 
defined  run-in  and  wash-out  period.  A  cross-over  design  would 
also  be  indicated.  However,  there  is  something  to  be  said  for 
keeping  it  simple. 

There  are  several  laudable  features  of  this  study  as  well 
as  important  findings.  First,  is  tlie  number  of  subjects  that  were 
used.  This  sample  size  is  large  enough  to  have  seen  some  small 
effects  and  large  enough  to  be  representative  of  the  true  pop- 
ulation effects.  Second,  there  is  an  inclusion  of  a  second  con- 
trol group  (no  placebo  tablet).  Positive  placebo  effects  are  com- 
mon observations  in  asthma  therapy  trials  and  may  have  caused 
the  trend  toward  the  reductions  in  admissions  observed  in  Group 
2  (placebo)  but  not  Group  1  (standard  therapy). 

Now  let's  turn  to  the  conclusion  of  this  study;  the  impor- 
tant findings  aie  three.  First,  that  a  dnig  given  well  below  the 
commonly  prescribed  dose  of  10  mg/kg/24  h  would  show  such 
important  effects,  is  very  intriguing.  The  role  of  theophylline 
in  asthma  treatment  is  unclear,  and  its  mechanism  of  action 
is  an  enigma.'"*  At  one  time  it  was  widely  used  in  North  Amer- 
ica and  was  commonly  thought  to  work  as  a  relaxant  of 
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bronchial  smooth  muscle — a  bronchodilator.^  But  we  know 
from  numerous  clinical  studies  that  theophylline  is,  in  fact, 
a  poor  bronchodilator.  Theophylline  has  also  fallen  from  grace 
because  of,  ( 1 )  reports  of  severe  reactions,  (2)  need  to  mon- 
itor serum  levels,  (3)  potential  drug  interaction,  and  (4)  'fussy" 
pharmacodynamics.'''  In  an  attempt  to  rehabilitate  this  drug 
within  the  new  order  of  asthma  therapy  and  intlammation  the- 
ories,'' recent  studies  have  focused  on  anti-inHammatory  prop- 
erties of  this  drug.^  **  As  a  result  the  best  explanation  for  the 
current  data  is  that  at  low  doses  theophylline  must  have  some 
unidentified  profound  anti-intlammatory  effect.  This  finding 
must  be  further  explored,  if  for  no  other  rea.son,  because  theo- 
phylline is  a  relatively  cheap  medication  that  is  delivered  by 
what  patients  like  best — a  pill." 

The  finding  that  theophylline  at  such  a  low  dose  would  be 
effective  as  found  in  the  current  study  is  truly  stailling.  There 
are  other  studies  of  low-dose  theophylline.''"'  Sullivan  et  al'' 
treated  19  subjects  with  200  mg  bid  which  is  clearly  higher 
than  that  of  250  every  other  day  of  the  current  study.  They 
found  a  reduced  number  of  eosinophils  in  the  airways  biopsy 
and  a  reduced  bronchial  constriction  in  response  to  antigen 
challenge.  What  is  not  clear  in  the  Sullivan  study  or  in  the  cur- 
rent study  by  Emad  is  what  rationale  was  used  to  decide  on 
these  dosages.  Nevertheless,  these  studies  both  suggest  that 
we  revisit  the  efficiency  and  dosage  schemes  used  for  this  par- 
ticular drug. 

The  second  import;int  finding  was  the  size  of  the  lung  func- 
tion respon.se  and  the  reduced  number  of  hospitalizations  in 
the  treatment  group.  Most  asthma  drugs  go  into  further  devel- 
opment because  they  improve  patient  perceptie)n  of  asthma 
symptoms — Not  a  bad  approach,  but  potentially  misleading 
and  dangerous  given  the  known  problem  some  patients  have 
in  detecting  acute  airflow  limitations.'"  But,  the  current  study 
shows  a  500-mL  improvement  in  FEV|  (58  to  bii%  of  pre- 
dicted and  a  PEER  increase  of  1.2  L/s.  or  72  L/min),  clearly 
a  clinically  important  improvement.  The  reduced  hospital- 
ization is  important  by  any  estimation.  This  is  especially  so 
if  one  considers,  as  we  must  these  days,  the  cost  of  such  unto- 
ward events. 

The  mechanism  of  action  of  many  drugs  that  we  use  is 
unclear.  We  use  them  because  we  'know'  they  work,  but  how 
much  better  could  we  use  them  if  we  understood  their  mech- 
anism of  action?  In  my  mind  that  is  the  important  'take-home' 
message  of  the  current  study.  Because,  if  the  data  are  correct. 


a  new  and  better  treatment  for  asthma  will  result  by  merely 
changing  a  simple  thing — the  dose.  A  lot  is  being  made  of 
the  poor  coinpliance  of  patients  in  taking  their  asthma  med- 
ication.'' One  provocative  conclusion  might  be  that  poor  patient 
compliance  may  be  a  consequence  of  patients'  discovering 
on  their  own  that  lower  doses  work  better. 

Charles  G  Irvin  PhD 

Professor 

Departments  of  Medicine  and  Pediatrics 

University  of  Colorado 

Health  Sciences  Center 

Director.  Pulmonary  Physiology  Unit 

National  Jewish  Center  for  Immunology 

&  Respiratory  Medicine 

Denver,  Colorado 
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The  Cuff-Leak  Test  as  a  Predictor  of  Postextiibation  Stridor 

A  Prospective  Study 


Paul  E  Marik  MD 


BACKGROUND:  Postextubation  stridor  as  a  result  of  laryngeal  edema  has 
been  reported  in  up  to  5%  of  patients  wiio  have  received  mechanical  venti- 
lation for  longer  than  24  hours.  The  cuff-leak  test  has  been  proposed  as  a  method 
of  determining  whether  patients  can  be  extubated  without  developing  upper 
airway  obstruction.  This  test,  however,  has  not  been  prospectively  studied. 
METHODS:  100  consecutive  patients  who  had  been  intubated  for  longer  than 
24  hours  were  studied  prior  to  extubation.  The  cuff-leak  test  was  performed 
by  t\\o  diflerent  methods.  The  endotracheal  cuff  was  totally  deflated,  the  lumen 
of  the  endotracheal  tube  was  then  occluded,  and  the  presence  (small  or  large) 
or  absence  of  a  peritubular  leak  during  spontaneous  ventilation  was  deter- 
mined. The  test  was  then  repeated  with  positive  pressure  ventilation  using 
the  patients"  pre-weaning  tidal  volume.  The  results  were  not  available  to  the 
intensivist,  and  the  patients  were  extubated  regardless  of  the  results  of  the 
leak  tests.  RESULTS:  The  mean  (SD)  length  of  intubation  was  3.8  (3.2)  days. 
Six  patients  had  no  leak  with  both  tests,  22  patients  had  a  small  leak  w  ith  both 
tests,  and  60  patients  had  a  large  air  leak  with  both  tests.  Twelve  patients  had 
a  small  leak  w ith  one  test  and  a  large  leak  with  the  other.  Two  patients  devel- 
oped postextubation  stridor.  Both  were  successfully  treated  with  aerosolized 
racemic  epinephrine.  These  two  patients  had  no  leak  w ith  either  test,  mak- 
ing the  likelihood  of  developing  stridor  significantly  higher  in  the  group  of 
patients  that  had  no  peritubular  leak  prior  to  extubation  (p  =  0.003).  The  cuff- 
leak  tests  had  a  negative  predictive  value  of  100%  but  a  positive  predictive 
value  of  only  33 7r.  CONCLUSION:  The  presence  of  a  cuff  leak  indicates  that 
postextubation  stridor  is  unlikely.  Although  the  absence  of  a  cuff  leak  does 
not  guarantee  extubation  difficulty,  such  patients  should  be  observed  closely 
during  the  immediate  postextubation  period  [Respu  Care  1996;4 1  (6):509-3 11]. 


Introduction 


,    ,    „  r^-      ,^      w  J  jr.  Stridor  is  a  relatively  uncommon  complication  in  adults 

The  author  is  with  the  DepartmenI  of  Critical  Care  Medicine  and  Res-  ^  •        .      ■  i 

piratoP..  Therapy,  St  Vincent  Hospital.  Worcester.  Massachusetts.  who  have  been  extubated.  However,  it  may  be  associated  With 

serious  compUcations  and  can  lead  to  death.'  ■*  This  corn- 
Portions  of  this  study  were  presented  by  Dr  Marik  during  the  Society  lor  plication  is  believed  to  be  caused  by  edema  of  the  subglot- 
Critical  Care  Medicine  Educational  and  Scientific  Symposium.  February  ,j^.  potion  of  the  trachea.-^  Most  patients  develop  an  air  leak 
1996,  New  Orleans,  Louisiana.  ^,^^^^  ^^^  ^.^,.,.  ^^^.  ^^^  endotracheal  tube  is  deflated.  It  has  been 
Reprmts:  Dr  Paul  E.  Marik.  Department  of  Critical  Care.  St  Vincent  Hos-  suggested  that  an  air  leak  may  be  absent  in  patients  with  Upper- 

pital.  25  Winthrop  Street.  Worcester  MA  01604.  airway  edema.''  The  primary  aim  of  this  study  was  to  deter- 
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mine  the  positive  and  negative  predictive  value  of  the  cuff- 
leak  test  in  predicting  postextubation  stridor.  A  secondary  aim 
ol  the  study  was  to  determine  the  incidence  of  postextuba- 
tion stridor  in  a  heterogenous  group  of  ICU  patients. 

Patients  &  Methods 

This  study  was  conducted  in  the  medical  and  surgical  inten- 
sive care  units  (ICUs)  at  St  Vincent  Hospital,  a  University- 
affiliated  teaching  hospital  in  Worcester.  Massachusetts. 
Approval  to  conduct  this  study  was  obtained  from  our  Insti- 
tutional Review  Board  who  waived  the  requirement  of  informed 
consent.  During  the  studs  period.  100  consecutive  patients 
who  had  been  intubated  for  longer  than  24  hours  were  prospec- 
tively followed  until  elective  extubation.  Cardiothoracic  patients 
were  excluded  from  study.  The  patients  were  each  included 
only  once  in  the  study.  All  patients  were  sedated  with  lora/e- 
pam.  either  alone  or  in  combination  with  morphine.  Endotra- 
cheal tubes  were  secured  using  adhesi\e  tape  by  the  method 
described  by  Levy  and  Griegt).'  Cuff  pressures  were  routinely 
checked  every  8  hours,  with  an  accepted  limit  of  25  cm  H:0. 

Prior  to  extubation.  the  cuff-leak  test  was  performed  by 
two  different  methods.  ( 1 )  The  endotracheal  cuff  was  com- 
pletely deflated,  the  lumen  of  the  endotracheal  tube  was 
occluded,  and  the  presence  (small  or  large)  or  absence  of  a 
peritubular  leak  during  spontaneous  ventilation  was  assessed. 
(2)  The  test  described  in  ( 1 )  was  repeated  during  positive  pres- 
sure ventilation  using  the  patients'  preweaning  tidal  volume. 
The  results  of  the  tests  were  not  available  to  the  intensivist, 
and  the  patients  were  extubated  regardless  of  the  results  of 
the  leak  tests. 

All  patients  were  observed  for  the  development  of  signs 
of  upper-airway  obstruction  (ie,  a  prolonged  inspiratory  phase 
associated  with  recruitment  of  accesson,'  respiratorv'  muscles), 
so-called  huyngeal  dys|iiiea,^  for  24  hours  following  extubation. 
Laryngeal  edema  was  diagnosed  when  either  upper-airway 
obstruction  or  stridor  (defined  as  a  "crowing"  sound  during 
inspiration)  occurred. 

For  each  patient,  we  recorded  the  patient's  age  and  sex, 
the  primarv  disease  and  reason  for  endotracheal  intubation, 
the  APAC  HE  II  score  on  admission  to  the  ICU,"  the  si/e  ol 
the  endotracheal  tube,  the  route  of  intubation,  and  the  dura- 
tion of  intubation.  Treatment  administered  for  stridor  and  the 
patient's  response  and  the  use  ol  systemic  coilicosteroids  prior 
to  extubation  were  also  recorded.  The  number  of  patients  who 
required  reintubation  within  24  hours  of  extubation  was 
recorded  as  well  as  the  reasons  for  reintubation. 

At  the  end  of  the  data  collection,  summary  statistics  were 
compiled  to  allow  a  description  of  the  study  population.  Data 
are  presented  as  mean  (SD)  or  proportions,  as  appropriate. 
The  Fisher's  exact  test  (two-tail)  was  performed  to  compare 
the  groupwise  likelihood  of  developing  stridor  if  there  were 
no  cuff  leak  (both  tests)  compared  to  de\  eloping  stridor  if  a 
cuff  leak  were  present. 


Results 

One  hundred  consecutive  patients  (61  men)  were  eval- 
uated. Their  age  and  APACHE  II  scores  were  57  (9)  years 
and  14.9  (2.5).  Of  the  100  patients,  53%  were  intubated  for 
respiratory  failure  and  38%  required  postoperative  venti- 
lation. None  of  the  patients  had  suffered  trauma  or  burns. 
Twenty-one  percent  t)f  patients  were  receiving  systemic  cor- 
ticosteroids. Duration  of  intubation  was  3.8  (3.2)  days.  All 
but  2  patients  were  intubated  orally.  A  size  8-mm  (internal 
diameter)  tube  was  used  in  58%  and  a  size  7.5-mm  tube  in 
24%  of  patients. 

Six  patients  had  no  leak  with  either  test,  22  patients  had 
a  small  leak  w  ilh  both  tests,  and  60  patients  had  a  large  air 
leak  with  both  tests.  Twelve  patients  had  a  small  leak  with 
one  test  and  a  large  leak  with  the  other.  Two  patients  devel- 
oped postextubation  stridor,  one  of  whom  developed  mild 
upper-airway  obstruction.  These  two  patients  had  no  leak  with 
either  test.  The  first  patient  was  a  67-year-old  man  who  had 
been  intubated  for  3  days  with  a  size  7.5-mm  tube  for  the  man- 
agement of  pulmonary  edema.  The  second  patient  was  a  68- 
year-old  man  who  had  undergone  a  pneumonectomy  for  a  pul- 
monale- malignancy.  He  had  been  intubated  with  a  size  9-mm, 
single-lumen  endotracheal  tube  for  36  hours  following  surgery. 
Both  of  these  patients  were  successfully  treated  with  aerosolized 
racemic  epinephrine.  The  difference  in  the  incidence  of  stri- 
dor between  the  two  groups  (with  and  without  a  cuff  leak)  was 
statistically  significant  (p  =  0.003).  The  cuff-leak  tests  had 
a  negative  predictive  value  of  100%  (percent  of  patients  who 
did  not  have  stridor,  given  the  presence  of  a  peritubular  leak) 
and  a  positive  predictive  value  of  33%f  (percent  of  patients 
who  develo[x;d  stridor,  gi\en  the  absence  of  a  peritubular  leak). 
Two  patients  with  chronic  obstructive  airways  disease  required 
reintubation  for  respiratory  distress  4  hours  and  9  hours  after 
extubation.  Neither  of  these  patients  had  evidence  of  laryn- 
geal edema. 

Discussion 

Laryngeal  edema  has  been  reported  to  occur  in  2-15%  of 
patients  after  tracheal  extubation.'  ''■''■""■'  The  difference  in 
the  rates  observed  in  different  studies  may  be  ascribed  to  dif- 
ferences in  the  populations  studied,  the  tube  material,  or  the 
criteria  used  for  the  diagnosis  of  laryngeal  edema.  Pediatric 
patients  appear  particularly  vulnerable  because  of  the  sinall 
airway  and  the  looseness  of  the  tissue  in  the  submucosa.'"" 
In  a  multicenter,  prospective  study  peifomied  in  an  adult  pop- 
ulation, the  overall  incidence  of  laryngeal  edema  postextu- 
bation was  4.2%^  with  only  1%  of  patients  requiring  reintu- 
bation for  airway  compromise.'''  These  authors  identified 
female  gender  and  intubation  for  longer  than  36  hours  as  the 
only  risk  factors  predictive  of  postextubation  laryngeal  edema. 
Other  authors  have  implicated  traumatic  intubations,''"'  the 
use  of  kirge-size  tubes,*'- "'^  and  overintlated  cuffs-'-*  as  risk 
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factors  for  the  development  of  this  comphcation.  The  reason 
for  the  low  incidence  of  larvngeal  edema  in  our  study  is  unclear. 
The  high  percentage  of  patients  on  systemic  corticosteroids, 
the  relatively  short  duration  of  intubation,  or  the  method  used 
for  fixation  of  the  endotracheal  tube  may  have  contributed 
to  this  finding.  Furthemiore.  none  of  our  patients  had  suffered 
traumatic  injuries  or  burns,  a  group  of  patients  at  high  risk 
of  developing  postextubation  stridor.'-  '■*  In  addition,  the  use 
of  low-pressure,  high-compliance  cuffs,  improved  sterilization 
techniques,  and  improved  endotracheal-tube  care  may  also 
have  contributed  to  this  result. 

Damage  from  endotracheal  tubes  to  mucosa  in  the  airway 
is  immediate  and  appears  to  result  from  the  mechanical  effects 
of  the  tube.  The  two  major  mechanisms  that  have  been  pos- 
tulated to  cause  laryngeal  injury  from  an  endotracheal  tube 
are  the  movement  of  the  tube  with  abrasion  of  the  mucosa  and 
pressure  necrosis.-'  Radiologic  exaininations  have  shown  that 
an  endotracheal  tube  moves,  on  average.  3.8  cm  when  the  head 
is  moved  from  flexion  to  extension.""  Levy  and  Griego  have 
demonstrated  that  the  method  of  mbe  fixation  affects  the  degree 
of  endotracheal  tube  moxement.  They  found  that  the  adhe- 
sive-tape method  of  fixation,  as  used  in  our  study,  was  asso- 
ciated with  the  least  amount  of  tube  movement.  The  manu- 
factured curve  of  the  endotracheal  tube  is  reversed  as  it  passes 
over  the  posterior  portion  of  the  cricoid  plate,  and.  because 
the  area  of  contact  is  small,  the  pressure  exerted  is  exceed- 
ingly high.'  In  addition,  animal  experiments  ha\'e  demonsU-ated 
that  the  area  of  laryngeal  ischemia  is  related  to  the  size  of  the 
endotracheal  tube.' 

Fisher  and  Raper'^  evaluated  the  value  of  the  cuff-leak  test 
in  patients  with  upper  airway  problems.  In  their  first  cohort 
of  patients,  if  no  leak  was  detected,  the  cuff  was  left  deflated 
and  the  patients  re-e\aluated  subsequenth'.  All  but  two  patients 
developed  a  cuff  leak  with  time  and  were  successfully  extu- 
bated.  Two  patients  were  extubated  in  the  absence  of  a  cuff 
leak  and  both  required  reintubation.  The  predictive  value  of 
the  cuff-leak  test  in  this  experiment  is  difficult  to  interpret. 
However,  these  authors  also  reported  on  10  patients  who  were 
extubated  in  the  absence  of  a  cuff  leak. ' '  Of  these.  7  were  extu- 
bated une\entfully,  and  3  required  reintubation.  This  latter 
result  supports  the  findings  of  our  study — a  positive  predictive 
value  of  approximately  33'7c. 

In  conclusion,  the  results  of  this  study  suggest  that  sig- 
nificant upper-airway  obstrucfion  is  an  uncommon  compli- 
cation following  short-term  endotracheal  intubation  in  a  un- 
selected  sample  of  ICU  patients  and  that  only  patients  at  high 
risk  of  developing  this  complication  require  pre-extubation 
screening.  Our  data  suggest  that  upper-airway  obstiuction 
and/or  stridor  are  unlikely  to  develop  in  patients  who  have 
an  air  leak  when  the  endotracheal-tube  cuff  is  deflated.  How- 
ever, a  significant  proportion  of  patients  who  have  no  leak 


can  also  be  successfully  extubated.  These  latter  patients,  how- 
ever, are  at  an  increased  risk  of  requiring  reintubation  and 
should  be  closely  observed  during  the  postexmbation  period. 
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Imposed  Work  of  Breathing  during  Tracheal  Pressure-Triggering 
Using  a  Demand-Vah  e  CPAP  System* 

Shashi  B  Bhatt  MD,  Chandra  B  Patel  MD,  Ian  KS  Tan  MRCP, 
Deborah  Vernasco  MD,  and  YH  Tarn  BS  MPhil 


BACKGROUND:  Levels  of  work  ofbreathing  imposed  (\\  OBj)  by  variations 
in  ventilator  design  have  been  addressed  by  a  number  of  investigators.  We 
conducted  this  studv  to  assess  the  effects  of  tracheal  pressure-triggering  ( TPT) 
on  the  VVOBi  and  to  compare  it  with  conventional  pressure-triggering  (CPT). 
MATERIALS  &  METHODS:  Sine  wave  breaths  of  =  500  niL,  with  mean 
flows  of  30  and  60  L/niin,  were  inspired  through  a  test  ventilator  (Servo  900 
C)  set  in  the  continuous  positive  airway  pressure  (CPAP)  mode  (CPAP.  5  cm 
HiO).  VVOBj  was  measured  during  CPT  and  TPT.  In  addition,  we  simulated 
500-mL  breaths  through  the  test  ventilator  with  its  trigger  sensitivity  set  at 
-10  cm  HiO  for  both  C  PT  and  TPT.  Pressure  was  measured  at  the  ^  -piece 
and  within  the  tracheal  lumen.  Flow  was  measured  at  the  \  -piece  and  vol- 
ume obtained  from  the  digital  integration  of  flow.  WOBj  was  calculated  from 
the  area  enclosed  b>  the  pressure-volume  plot  (in  that  part  of  the  pressure- 
volume  loop  vvhere  the  pressure  was  belov\  the  level  of  PEEP).  RESULTS: 
WOBi  (including  that  contributed  by  the  tracheal  tube)  was  less  during  TPT, 
mean  (SD)  258  (42)  m.|/L  than  with  CP 1. 477  (24)  m.|/L  at  60  L/min.  p  <  0.05. 
However,  for  breaths  simulated  at  flows  of  60  L/min,  mean  inspiratory  pres- 
sures within  the  tracheal  lumen  and  at  the  \  -piece  were  greater  during  TPT 
than  during  CP  1.  p  <  0.05  for  both.  I'nder  the  test  conditions  used  to  mea- 
sure trigger  delay  and  trigger  work,  trigger  delay  was  similar  during  TPT 
and  CI*T.  280  (20)  ins  and  trigger  work  was  similar  for  the  two  triggering  modes 
1.34  (0.3)  cm  H2O  s  vs  1.31  (0.25)  cm  H2O  s.  CONCLUSIONS:  Decrease 
in  VVOBj  during  TPT  is  not  due  to  an  alteration  in  triggering  function  per 
se  but  to  an  inadvertent  pressure  assist  and  is  no  more  adv  antageous  than 
application  of  pressure  support  to  compensate  for  apparatus  >\()rk.  [Rcspii 
Care  19%:41(6i:?  i:-.^  1,S| 
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Background 

When  patients  in  acute  respiiatiiiy  failure  begin  to  recover 
trom  the  initial  precipitating  e\ent.  they  ;ire  gradually  weaned 
lYoni  mechanical  \cntilalion.  During  the  process  of  wean- 
ing, patients  assume  a  progressively  greater  proportion  of 
the  work  necessary  to  ventilate  the  lungs.  In  this  phase,  the 
patients  must  perforin  work  not  only  to  overcome  the 
impedances  of  their  own  respiratoiy  system  but  also  the  work 
imposed  by  the  \  entilator  demand  valve,  tracheal  tube,  con- 
nectors, humidifiers,  and  the  ventilator  circuitry.  This  imposed 
work  can  sometimes  become  a  large  fraction  of  the  total 
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patient  work  and  may  contribute  to  difficulties  in  weaning 
patients  from  mechanical  ventilation.'  -  This  has  been  termed 
nosocomial  respiratory  failure  or  iatrogenic  ventilator  depen- 
dency.' Efforts  have  been  directed  in  recent  years  toward  doc- 
umenting the  imposed  work  of  different  \entilators  and  cir- 
cuits. Ventilator  designers  have  responded  by  addressing  the 
ventilator  pneumatics  and  electronics  to  diminish  the  response 
time  of  demand  vaUes  and  altenng  the  inspiratoi^  tlow  algo- 
rithm to  better  respond  to  patient  needs,  thereby  decreasing 
the  imposed  work. 

An  innovative  method  for  decreasing  the  imposed  work 
has  been  suggested  by  Banner  and  colleagues.-*  During  con- 
\entional  pressure-triggering,  the  ventilator  pressure  trans- 
ducer that  senses  the  decrease  in  airway  pressure  is  located 
within  the  ventilator,  in  the  exhalation  part  of  the  ventila- 
tor circuitry.  In  order  to  decrease  the  pressure  in  this  trans- 
ducer. Banner  et  aH  suggested  that  the  patients  must  over- 
come the  impedances  imposed  by  the  tracheal  tube,  ventilator 
tubing,  and  the  expiratory  flow  transducer.  They  suggested 
that  sensing  pressure  at  the  carinal  end  of  the  tracheal  tube 
and  conveying  that  signal  directly  to  the  sensing  transducer 
(tracheal  pressure-triggering)  would  considerably  reduce  the 
imposed  work.  The  concept  of  tracheal  pressure-triggering 
for  demand-valve  CPAP  systems  appears  attractive.  Tracheal 
sensing  mo\es  the  location  of  the  sensing  point  closer  to  the 
contracting  respiratory  muscles.  Moving  the  sensing  point 
closer  to  the  contracting  respiratory  musculature  (as  is  also 
achieved  during  pleural  pressure  support-^)  has  been  con- 
sidered advantageous.  However,  in  contrast  to  the  low  sig- 
nal-to-noise ratio  in  pleural  pressure  measurements,  tracheal 
pressure  measurements  are  more  stable  and  therefore  bet- 
ter suited  as  a  trigger  source.  Using  this  strategy.  Banner  and 
colleagues-*  demonstrated  that  the  imposed  work  was  con- 
siderably reduced  when  compared  with  conventional  pres- 
sure-triggering. We  undertook  bench  re-evaluation  of  the 
work  of  Banner  and  colleagues.-*  prior  to  clinical  applica- 
tion of  tracheal  pressure-triggering. 

Materials  &  Methods 

Spontaneous  breathing  was  simulated  using  a  bench  model 
similar  to  that  used  by  other  investigators.''"  The  inspiration 
simulator  was  constructed  from  a  two-compaitment  lung  model. 
The  two  compartments  of  the  lung  model  are  connected  by 
a  bar  so  that  when  one  compartment  is  n-iechanically  venti- 
lated it  actively  displaces  the  other  compartment,  simulating 
inspiration.  The  system  was  driven  by  a  Hamilton  Veolar  Ven- 
tilator.* using  a  sine  wave  pattern  of  inspiratory  flow.  Inspi- 
ratory time  was  set  at  25%  of  the  total  respiratory  cycle,  and 
the  tidal  volume  ( Vj)  was  set  at  500  mL.  The  inspiratory  flow 


*Suppliers  of  commercial  products  are  ILsied  in  tlie  Product  Sources 
Section  at  ttie  end  of  the  text. 


( V )  of  the  driving  ventilator  was  altered  by  varying  the  res- 
piratoi7  rate  (breaths/min.  f)  to  yield  mean  inspiratory  flows 
of  approximately  30  and  60  L/min.  The  inspiratory  time  for 
breaths  simulated  at  30  L/min  was  I  s  (f  =  12)  and  for  breaths 
simulated  at  60  L/min  was  0.5  s  (f  =  24).  The  choice  of  the 
respirator,'  rates  ;ind  inspiratoi-y  times  w as  made  w itii  due  regiud 
for  the  avoidance  of  auto-PEEP.  The  compliance  of  both  the 
driving  and  the  simulating  "lungs"  was  set  at  50  mL/cm  HiO. 

The  lung  model  was  in  turn  connected  to  the  test  ventilator 
(Servo  900  C).  The  ventilator  used  in  the  present  study  was 
taken  from  routine  clinical  use  and  was  not  specially  calibrated 
or  serviced  for  this  study.  The  test  ventilator  was  set  in  the 
CPAP  mode  (CPAP.  5  cm  HiO)  with  the  working  pressure 
set  at  60  cm  H2O.  To  offset  the  effects  of  the  test  conditions 
due  to  the  increase  in  'FRC  in  the  lung-simulator  compart- 
ment of  the  test  lung.  5  cm  H2O  PEEP  was  set  on  the  driv- 
ing ventilator  so  that  both  compartments  of  the  lung  model 
would  have  the  same  end-expirat(-iry  volume.  The  trigger  sen- 
sitivity of  the  support  ventilator  was  set  at  -2  cm  H2O.  No 
humidifiers  were  incorporated  into  the  ventilator  circuits.  Study 
of  the  imposed  work  was  conducted  with  the  test  ventilator 
set  for  conventional  pressure-triggering  ( witli  the  pressure  being 
sensed  within  the  expiratory  path  of  the  ventilator).  Study  of 
the  imposed  work  was  also  repeated  with  the  pressure  sig- 
nal measured  at  the  carinal  end  of  the  tracheal  tube  and  com- 
municated to  the  expiratory  pressure  transducer  within  the  ven- 
tilator using  a  2-mm  inside  diameter  (ID),  noncompliant  pla.stic 
tubing  (tracheal  pressure-triggering).  Data  from  5  consecu- 
tive breaths  were  recorded  at  each  flow  and  triggering  loca- 
tion for  subsequent  analysis. 

The  lung  simulator  was  connected  to  the  test  ventilator 
through  a  model  trachea  (constructed  from  22-mm-ID  cor- 
rugated tubing)  and  an  8.0-mm-ID  tracheal  tube.  Embedded 
within  the  side  wall  of  the  tracheal  tube  is  an  additional  lumen 
that  opens  at  the  cainnal  end.  This  additional  lumen  was  con- 
nected to  the  expiratoi-y  pressure  transducer  of  the  support  ven- 
tilator during  the  tracheal  pressure-triggering  phiLse  of  the  study. 

V  was  measured  using  a  variable-orifice  pneumotachometer. 
Airway  pressures  at  the  Y-piece  and  within  the  tracheal  lunien 
were  also  measured  using  a  Bicore  pressure  transducer  CP- 
100.  The  calibration  of  the  pressure  and  flow  transducers  was 
checked  against  an  RT  200  calibration  analyzer.  The  pressure 
and  tlow  signals  were  digitized  at  50  Hz  and  stored  on  an  IBM- 
compatible  personal  computer  (AT  486).  using  a  RS232  com- 
munication program.  The  digitized  signals  were  analyzed  in 
an  analog  format  using  a  computer  program  written  in  Bor- 
land C++  by  one  of  the  investigators  (YHT).  Volume  was 
obtained  by  digital  integration  of  the  flow  signal.  The  imposed 
work  of  the  ventilator  in  its  different  triggering  modes  w as 
estimated  by  measuring  the  area  enclosed  by  the  airway  pres- 
sure-volume loop.  Only  that  part  of  the  airway  pressure-vol- 
ume loop,  in  which  the  airw  ay  pressure  was  below  the  level 
of  PEEP,  was  used  for  the  estimation  of  the  imposed  work. 
The  part  of  the  airway  pressure-volume  loop  in  which  the  air- 
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way  pressure  was  greater  than  PEEP  was  estimated  as  'ven- 
tilator wori<"  or  inspiratory  assist  (Fig.  I ).  In  the  present  inves- 
tigation these  areas  have  not  been  summed  but  are  expressed 
separately.  The  imposed  work  and  the  inspiratory  assist  are 
expres.sed  as  mJ/L. 


■> 

5 


500  — 1 


k 


r 


Airway  Pressure  (cm  H2O) 

Fig.  1.  The  inspiratory  pressure-volume  relationship  delineating 
the  inspiratory  imposed  work  and  the  inspiratory  assist.  Arrow  indi- 
cates the  point  at  which  the  demand  valve  opens  and  flow  begins. 
End-expiratory  pressure  is  represented  as  0  pressure. 


Maximum  negative  inspiratory  pressure  was  estimated  as 
the  lowest  pressure  below  the  level  of  the  PEEP.  This  was  esti- 
mated from  pressures  measured  both  at  the  Y-picee  and  within 
the  tracheal  lumen. 

In  order  to  better  delineate  the  events  cx;curring  in  the  trig- 
gering phase  of  the  test  ventilator,  its  trigger  sensiti\ity  was 
set  at  -10  cm  H2O  and  a  5()()-mL  breath  was  inspired  through 
it.  Under  these  test  conditions,  we  measured  the  trigger  delay 
(time  between  the  first  decrement  of  airway  pressure  and  the 
onset  of  airflow)  and  the  trigger  work,  which  was  estimated 
as  the  pressure-time  product  between  the  first  decrement  of 
airway  pressure  (to)  and  the  onset  of  airt1ov\'  (t| )  (Fig.  2).** 


Trigger  work 


I" 


(PEEP-P,)dl. 


where  P  =  airway  pressure;  P,  =  ainvay  pressure  at  any 
instant  t. 


Comparisons  were  made  between  the  two  triggering  modes 
(conventional  pressure-triggering  and  tracheal  pressure-trig- 


PEEP 


Trigger  Threshold 


Time 


Fig.  2.  Estimation  of  the  triggering  pressure-time  product,  to  repre- 
sents the  first  decrement  of  airway  pressure,  ti  represents  the 
onset  of  inspiratory  airflow  and  t|  represents  the  point  at  which  the 
airway  pressure  attains  the  level  of  the  trigger  threshold.  Triggering 
pressure-time  product  is  estimated  from  the  integral  of  the  pres- 
sure below  peak  end-expiratory  pressure  (PEEP)  between  to  and 
ti.  Time  (ti  -  to)  represents  the  trigger  delay.  Only  a  small  fraction 
of  the  trigger  delay  is  due  to  the  delay  in  the  response  of  the 
demand  valve  (t,  -  ti). 


gering)  at  each  How.  Statistical  analysis  was  pertbrmed  using 
the  student's  t  test  for  the  comparison  of  the  means  and  a  p 
<  0.05  was  considered  significant.  Statistical  analysis  was  per- 
fomied  using  SPSS  for  Windows  6.0.  .Ml  results  ;ire  expressed 
as  mean  (SD). 

Results 

The  actual  Vj  measured  at  the  Y-piece  of  the  simulated 
lung  was  5 1 7  ( 1 0)  niL  at  30 17min  ;uid  476  ( 8 )  mL  at  60  I7min, 
during  conventional  pressure-triggering.  During  tracheal  pres- 
sure-triggering, there  appeared  to  be  some  augmentation  of 
V 1—550  ( 1 2)  mL  at  30  L/min  and  5 14  ( 1 0)  mL  at  60  L/min 
p  <  0.05  at  both  flows  compaied  with  Vj  during  conventional 
pressure-triggering. 

The  imposed  work  measured  for  the  Servo  900  C  venti- 
lator was  significantly  less  during  tracheal  pressure-triggered 
breaths,  as  compared  with  conventional  pressure-triggering 
both  at  30  L/min  and  at  60  L/min  (Table  1 ).  At  both  flows, 
the  imposed  work  estimated  from  pressure  measured  within 
the  tracheal  lumen  was  greater  than  that  obtained  when  pres- 
sure measured  at  the  Y-piece  was  used  for  computation  of  the 
pressure-volume  plot  (Table  I). 

The  inspiratory  assist  was  measured  to  be  greater  for  the 
tracheal  pressure-triggered  breaths  compared  to  conventional 
pressure-triggering  (Table  I )  for  breaths  simulated  at  30  L/min 
and  at  60  L/min. 

The  mean  inspiratory  pressure  w  as  higher  during  the  tra- 
cheal pressure-triggered  breaths  (measured  at  the  Y-piece  and 
w  ithin  the  tracheal  lumen)  compaied  to  the  conventional  pres- 
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Table  I .      Respiratory  Variables  during  Convenlional  Pressure-Triggering  and  Tracheal  Pressure-Triggering  at  Flows  of  30  and  60  L/min.  Pressure  and 
Work  Values  Are  Mean  (SD). 


Variable 


Mean  inspiratory  pressure  (cm  H2O) 
Maximum  negative  pressure  (cm  H;0) 
Inspiratory  imposed  work  (mJ/L) 
Inspiratory  assist  (mJ/L) 


Measurement  Conventional  Tracheal  Conventional  Tracheal 

Site  Pressure-Triggering     Pressure-Triggering     Pressure-Triggering     Pressure-Triggering 


Y-Piece 
Trachea 

Y-Piece 

Trachea 

Y-Piece 

Trachea 

Y-Piece 

Trachea 


30  L/min 


5.56(0.5) 
4.S4(0.I) 

-3.0    (0.2) 
-4.1    (0.2) 

38.6   (1.5) 
107       (2.6) 

44.6    (2.2) 
4.6(4().6S) 


*  p  <  0.05  compared  with  conxenlional  pressure-(riggenng  al  the  same  How 


Flow 


30  L/min 


6.22(0.11* 
5.25(0.1)* 

-0.1    (0.1)* 
-2.1    (0.1)* 

1.8    (0.4)* 
13.6    (1.8)* 

272     (18)* 
173     (10)* 


60  L/min 


3.09(0.2) 
-0.43(0.15) 

-7.9    (0.4) 
-9.2   (0.3) 

98.9(17) 
477     (24) 

0 
0 


60  L/min 


4.24(0.2)'* 
1.94(0.25)* 


-3.7    (1.2)* 
-6.1    (1.2)* 

26.6    (0.9)* 
258     (42)* 

592     (22.8) 
34.6    (3.4)* 


SLire-tiiggered  breaths  (Table  1 ).  In  fact,  (Juring  tracheal  pres- 
sure-triggeiing  the  mean  inspiratory  pressure  measured  within 
the  tracheal  lumen  (for  a  breath  with  a  mean  inspiratory  flow 
of  30  L/min)  was  of  the  same  order  of  magnitude  as  the  pres- 
sure measured  at  the  Y-piece  during  a  conventional  pressure- 
triggered  breath  (Table  I ). 

For  breaths  simulated  with  the  trigger  sensitivity  set  at  -10 
cm  HiO.  the  trigger  delay  was  similar  for  conventional  pres- 
sure-triggered breaths,  coinpared  to  the  tracheal  pressure-trig- 
gered breaths.  280  (20)  ms.  The  trigger  work  estimated  under 
these  conditions  was  also  similar  during  conventional  pres- 
sure-triggered breaths,  compared  to  tracheal  pressure-trig- 
gered breaths,  1.34  (0.3)  cm  H:0  •  s  versus  1.31  (0.25)  cm 
H2O  s.  An  X-Y  plot  of  pressure  measured  at  the  Y-piece 
against  pressure  within  the  tracheal  lumen  (from  the  onset 
of  the  first  decrement  of  airway  pressure  to  the  point  just  before 
the  initiation  of  airflow),  yielded  a  straight  line  with  r-  =  0.99 
(Fig.  3). 

Discussion 

The  inspiratoi7  imposed  work  estimated  in  the  present  inves- 
tigation includes  the  work  performed  by  the  patient,  not  in 
overcoming  the  impedances  of  his  own  respiratory  system 
(compliance  and  resistance),  but  the  additional  work  required 
to  be  perfonned  in  overcoming  the  external  impedances  (tra- 
cheal tube,  demand  \alve,  ventilatory  circuitry)." 

Numerous  investigations  of  the  imposed  work  of  different 
commercially  available  mechanical  ventilators  have  been 
published."-^ '""'"'  However,  the  results  of  the  present  inves- 
tigation cannot  be  readily  compared  with  these  investiga- 
tions because  the  measurement  conditions,  especially  the 
Vj.  V.  and  the  shape  of  the  inspiratory  flow  waveforms,  are 


6n 


8 

-'■/ 

— 1 1— 

-4               -2 

2  - 

=^ 1 1 1 

2                 4                6 
1       Intratracheal  Pressure 

• 

/. 

-^x 

-4  - 

12  ^            (cm  H2O) 
(£  I 

.     .^ 

.^ 

Flow^  ■ 

i§ 

• 

Inspiratory 

ID. 
>- 

PEEP- 


Fig.  3.  Intratracheal  anij  Y-piece  pressure  relationship  (Juring  the 
early  inspiratory  effort,  with  the  trigger  sensitivity  set  at  -10  cm 
H2O.  The  breath  commences  at  the  point  markeij  peak  enid-expira- 
tory  pressure  (PEEP)  an(j  then  follows  the  direction  markeiJ  by  the 
arrow.  Both  pressures  have  been  recorcded  at  20-ms  intervals. 
Until  the  point  of  Initiation  of  airflow,  the  intratracheal  and  Y-piece 
pressures  are  identical.  After  the  inspiratory  flow  begins,  the  intra- 
tracheal pressure  is  less  than  the  corresponding  Y-piece  pressure 
measured  at  the  same  time.  This  difference  represents  the  pres- 
sure drop  across  the  tracheal  tube  (resistance).  For  tracheal  pres- 
sure-triggering to  reduce  trigger  delay  or  trigger  work,  the  rate  of 
decrease  of  intratracheal  pressure  must  be  greater  than  the  rate  of 
decrease  of  Y-piece  pressure  prior  to  the  onset  of  inspiratory  flow. 


different.  Hirsch  et  al'"  have  investigated  the  imposed  work 
of  9  different  commercially  available  ventilators,  using  test 
conditions  comparable  with  those  used  in  the  present  study. 
They  reported  imposed  work  for  a  Servo  900  C  as  91(30) 
mJ/L  for  a  429  niL  Vj  and  a  maximum  inspiratory  V  of  63 
L/min  (CPAP  10  cm  H2O).  This  compares  favorably  with 
our  determination  of  the  imposed  work  of  98.9  ( 1 7 )  inJ/L 
for  a  476-mL  Vj  at  a  mean  flow  of  60  L/min.  To  put  these 
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figures  of  imposed  work  in  context,  the  normal  inspiratory 
physiologic  work  ot  breathing  in  healthy  adults  is  approx- 
imately 500  mJ/L.'" 

In  the  present  investigation,  we  have  reported  the  imposed 
work  distinct  from  the  inspiratory  assist  rather  than  as  a  sum- 
mation of  these  two  (as  has  been  reported  by  other  investi- 
gators)''" because  we  believe  that  an  assist  occurring  in  the 
later  part  of  inspiration  may  not  completely  compensate  for 
the  work  imposed  in  the  earlier  part  of  inspiration. 

Previous  studies  evaluating  devices  with  differing  trigger 
strategies  have  used  one  of  two  approaches.  Either  they  have 
measured  total  patient  work  in  inflating  the  lung  and  chest 
wall  or  the  imposed  work  (of  the  extrinsic  impedances).''"'-" 
Each  strategy  has  its  own  advantages  and  limitations.  How- 
ever, the  imposed  work  includes  not  only  the  initial  thresh- 
old work  to  trigger  the  delivery  of  flow  from  the  ventilator's 
pneumatic  system,  but  also  the  work  that  the  patient  pciforms 
in  the  face  of  the  early  incoming  flow  when  this  is  less  than 
the  patient  deniand.  In  the  present  in\estigation.  the  sum  of 
the  initial  threshold  work  and  this  subsequent  work  has  been 
called  the  inspiratory  imposed  work. 

The  measurement  of  the  imposed  work  may  be  important 
when  one  is  comparing  two  different  devices  because  of  the 
interest  not  only  in  the  initial  threshold  trigger  work  but  also 
the  subsequent  sustaining  work.  However,  when  one  is  com- 
paring the  same  de\  ice  under  two  different  trigger  situations. 
estimations  of  the  imposed  work  may  not  clearly  reveal  the 
subtle  differences  caused  by  the  differences  in  the  trigger  work 
as  this  may  constitute  only  a  fraction  of  the  tiHal  impiised  work. 
Only  a  few  investigators  have  estimated  the  true  triggering 
work,  an  estimate  of  the  work  expended  prior  to  the  opening 
of  the  demand  valve.  Konyukov  and  colleagues-'  have  esti- 
mated the  triggering  work  of  breathing  from  the  pressure-vol- 
ume loop  of  the  driving  compartment  prior  to  the  initiation 
of  gas  flow  in  the  test-lung  comp;irtment.  In  the  present  inves- 
tigation, we  have  quantified  the  triggering  work  as  the  pres- 
sure-time product  prior  to  the  initiation  of  gas  How. 

The  main  thrust  of  the  present  investigation  was  to  assess 
whether  the  tracheal  pressure-triggering  of  the  demand-valve 
CPAP  system  would  decrease  imposed  work,  as  had  previ- 
ously been  suggested.'' and  alst)  to  gain  insights  into  the  mech- 
anisms of  the  changes  in  the  imposed  work.  Our  results  are 
in  general  agreement  with  Banner  et  al.""  in  that  the  apparent 
imposed  work  during  tracheal  pressure-triggering  is  less  than 
during  conventional  pressure-Unggering.  However,  the  mech- 
anism by  which  tracheal  pressure-triggering  reduces  the 
imposed  work  is  unclear  at  the  present  time.  The  early  pro- 
ponents'* of  tracheal  pressure-triggering  suggested  that  be- 
cause the  patient  would  not  have  to  oxercome  the  impedances 
imposed  by  the  ventilator  circuit  and  the  tracheal  tube  in  con- 
veying the  pressure  decrement  of  the  initial  inspiratoiy  effort 
during  tracheal  pressure-triggering,  the  imposed  work  would 
decrease.  However,  the  initial  part  of  the  decrement  of  air- 
way pressure  that  t:ikes  place  before  the  opening  of  the  demand 


valve  is  unaccompanied  by  gas  flow.  and.  therefore,  the  resis- 
tance of  the  system  is  unimportant. 

Two  separate  mechanisms  for  apparent  reduction  in  the 
imposed  work  niay  be  operative  during  tracheal  pressure-trig- 
gering. One  of  the  mechanisms  could  possibly  decrease  the 
initial  threshold  work  or  the  triggering  work  by  moving  the 
pressure-sensing  site  closer  to  the  inspiratory'  force-generating 
muscles.  This  mechanism,  if  effective,  would  be  desirable. 
The  trigger  work  appears  to  be  composed  of  two  separate  com- 
ponents (Fig.  2).  The  first  part  of  this  trigger  work  is  due  to 
the  patient's  generating  the  decrement  of  the  airway  pressure 
to  the  level  of  the  trigger  threshold  (trigger  sensitivity  set  on 
the  ventilator).  This  portion  of  the  work  is  a  function  of  the 
rate  of  decrease  of  airway  pressure  (dP/dt),  which  in  turn 
depends  on  the  inspiratory  drive  and  the  thoracic  volume  plus 
the  circuit  volume.  The  second  part  of  the  trigger  work  is  caused 
by  the  systeni  delay  of  the  ventilator  (caused  by  the  electronics 
and/or  pneumatics).  If  tracheal  pressure-triggering  is  to  reduce 
the  triggering  work,  then  the  first  part  of  the  triggering  work 
would  have  to  be  reduced  ( liecause  it  would  not  cause  a  change 
in  the  system  delay).  For  this  to  occur  the  dP/dt  of  the  cari- 
nal  pressure  would  have  to  be  greater  than  the  dP/dt  of  the 
airway  pressure  measured  at  the  Y-piece  or  the  exhalation  pres- 
sure transducer  within  the  ventilator.  In  the  present  investi- 
gation, we  have  demonstrated  that  the  dP/dt  of  the  carinal  pres- 
sure is  identical  to  the  dP/dt  of  the  pressure  measured  at  the 
Y-piece  during  the  triggering  phase,  prior  to  the  initiation  of 
inspiratory  flow  (Fig.  ?>).  Moreover,  we  were  unable  to  demon- 
strate any  difference  in  the  trigger  work  between  the  con- 
ventional pressure-triggering  and  the  tracheal  pressure-trig- 
gering for  breaths  simulated  through  the  ventilator  set  at  a 
trigger  sensitivity  of  - 1 0  cm  H^O.  The  trigger  delay  and  trig- 
ger work  measured  with  the  trigger  sensitivity  set  at  -10  cm 
H:0  in  the  present  investigation  are  not  indicators  of  the  clin- 
ical perfon'nance  of  a  .Ser\'o  900  C  ventilator.  We  made  these 
measurements  al  a  trigger  sensitivity  of -10  cm  HiO,  in  order 
to  magnify  the  events  (increase  the  time  between  the  onset 
1)1  inspiratoi7  effort  and  the  initiation  of  gas  How)  occurring 
during  the  triggering  phase.  Most  of  the  trigger  delay  mea- 
sured in  this  investigation  with  the  trigger  sensitivity  at  -10 
cm  H:0  is  due  to  the  time  taken  by  the  airway  pressure  to 
achieve  the  trigger  threshold.  Our  measure  is  not  meant  to  be 
indicative  of  the  inherent  system  delay  of  a  Servo  900  C 
because  a  trigger  sensitivity  of  - 1 0  cm  HiO  is  unlikely  to  be 
used  clinically. 

A  second  mechanism  that  would  be  effective  in  decreas- 
ing the  imposed  work  v\ould  be  in  operation  later  in  the  inspi- 
ratory cycle,  after  the  initiation  of  the  inspiratory  flow  (Fig. 
4).  During  tracheal  pressure-triggering,  not  only  does  the  intra- 
tracheal pressure  act  as  a  triggering  source  but  it  also  becomes 
the  sensing/control  point  for  pressure  regulation  during  the 
subsequent  inspiration.  During  tracheal  pressure-triggering, 
because  the  pressure  control  site  is  dow  nstream  of  a  resis- 
tor (tracheal  tube),  the  actual  regulated  pressure  measured 
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at  the  Y-piece  or  within  the  tracheal  tube  is  greater  than  the 
pressures  measured  at  the  same  sites  (Y-piece  or  within  the 
tracheal  tube)  during  conventional  pressure-triggering  (Fig. 
4).  This  increased  pressure  at  the  Y-piece  or  within  the  tra- 
chea leads  to  an  inadvertent  pressure  assist  during  tracheal 
pressure-triggering.  This  inadvertent  pressure  assist  is  greater 
v\  ith  tracheal  tubes  of  smaller  ID  (because  of  the  greater  pres- 
sure drop  across  the  tube  at  any  flow)  or  higher  simulated 
flows.  This  is  consistent  with  the  results  of  Banner  et  aH  ie. 
of  greater  reductions  of  the  imposed  work  during  tracheal 
pressure-triggering  when  breaths  are  simulated  through  tra- 
cheal tubes  of  smaller  ID  or  at  higher  inspiratory  flows.  Evi- 
dence that  this  mechanism  of  inadvertent  pressure  assist  is 
making  a  greater  contribution  to  the  decreases  in  the  imposed 
work  during  tracheal  pressure-triggering  comes  from  two  dif- 
ferent sources  in  the  present  investigation.  First,  the  mean 
inspiratory  pressure  is  greater  during  tracheal  pressure-trig- 
gering as  compared  with  conventional  pressure-triggering. 
Also,  there  is  a  larger  inspiratory  assist  during  tracheal  pres- 
sure-triggering as  compared  with  conventional  pressure-trig- 
gering. Not  only  is  the  measured  inspiratory  assist  greater 
during  tracheal  pressure-triggering,  but  we  also  found  a  small 
augmentation  of  Vj  at  each  flow  as  compared  with  conven- 
tional pressure-triggering. 
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can  be  added  to  overcome  apparatus-imposed  work.--  The 
application  of  this  minimal  level  of  pressure  support  requires 
knowledge  of  tracheal  tube  ID,  the  shape  of  the  inspiratory 
flow  waveform,  and  the  inspiratory  flow.---'  Use  of  tracheal 
pressure-triggering  can  achieve  the  same  effect  without  the 
knowledge  of  these  variables.  However,  this  advantage  is 
gained  at  the  expense  of  additional  circuitry  that  would  have 
to  be  included  in  the  ventilator.  The  small  lumen  of  the  tube 
used  to  convey  the  pressure  signal  to  the  expiratory  pressure 
transducer  for  achieving  tracheal  pressure-triggering  is  vul- 
nerable to  blockage  by  tracheal  secretions.  So  a  back-up  trig- 
ger system  would  have  to  be  built  into  the  ventilator,  adding 
further  costs  to  the  ventilator. 

There  are  limitations  to  the  present  smdy.  The  pressure  and 
flow  signals  were  digitized  at  50  Hz.  giving  a  resolution  of 
20  ms  on  the  time  scale.  Hence,  smaller  differences,  if  any, 
between  the  different  triggering  modes,  would  not  be  read- 
ily apparent  with  tlie  present  study.  Second,  this  study  has  been 
conducted  on  a  mechanical  model,  and  this  may  impose  limi- 
tations when  the  results  are  extrapolated  to  clinical  situations. 
The  imposition  of  a  threshold  load  (induced  by  the  trigger 
delay)  at  the  commencement  of  the  breath  may  cause  within- 
breath  compensation  for  these  imposed  loads,-'*  causing  a  mod- 
ification  of  the  subsequent  portion  of  the  breath.  This  com- 
pensatory effort  may  modify  the  actual  imposed  work. 
However,  this  compensatory  phenomenon  would  be  absent 
in  the  mechanical  model  tested. 

In  conclusion,  tracheal  pressure-triggering  does  not  cause 
a  decrease  in  the  trigger  delay  or  the  trigger  work.  And,  although 
tracheal  pressure-triggering  was  found  to  decrease  the  imposed 
work,  this  decrease  was  caused  by  the  ventilator's  attempt- 
ing to  regulate  the  pressure  at  the  carinal  end  of  the  tracheal 
tube  thus  effecting  a  small  inadvertent  pressure  assist.  We 
believe  that  tracheal  pressure-triggering  confers  no  more  advan- 
tage than  that  obtained  by  adding  pressure  support  to  com- 
pensate for  the  apparatus  work. 


Fig.  4.  The  mechanism  of  the  inadveilent  pressure  assist  during 
tracheal  pressure-triggering.  A  hypothetical  continuous  positive 
airway  pressure  system  is  shown,  which  regulates  the  pressure  at 
5  cm  H2O,  both  during  inspiration  and  during  expiration.  The  tra- 
cheal tube  is  assumed  to  represent  the  principal  resistance  (4  cm 
H2O  •  s  L'),  and  the  inspiratory  flow  is  assumed  to  be  30  Umin. 
During  conventional  pressure-triggering,  the  pressure  at  the  Y- 
piece  is  5  cm  H2O,  and  the  2-cm-H20  pressure  drop  across  the 
tracheal  tube  results  in  an  intratracheal  pressure  of  3  cm  H2O. 
During  tracheal  pressure-triggering,  the  intratracheal  pressure  is 
regulated  at  5  cm  H2O,  and,  therefore,  the  Y-piece  pressure  is  now 
7  cm  H2O,  thus  resulting  in  an  inadvertent  inspiratory  pressure 
assist  during  tracheal  pressure-triggering. 


Although  tracheal  pressure-triggering  was  found  not  to 
affect  the  trigger  delay  or  the  trigger  work,  it  could  have  one 
advantage  distinct  from  its  effects  on  the  trigger  function  per 
se.  It  has  been  suggested  that  low  levels  of  pressure  support 
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Corrections 


CORRFXTIONS 

In  the  paper,  "Understanding  Cardiorespiratory  Interactions:  Cardiovascular  Anatomy  and  Phys- 
iology" by  Charles  A  Trant.  Frank  H  Kern,  and  Jon  N  Meliones  [RespirCare  I996;4 1( 2);  1 13-122], 
the  authors  state  on  page  1 14  that  a  normal  ejection  fraction  is  75-80'7f .  This  range  of  values  is  only 
for  infants  and  children.  The  normal  ejection  fraction  for  adults  is  approximately  559r. 

The  caption  of  Figure  2.  page  125.  in  "The  Role  of  Cardiorespiratory  Interactions  in  Respiratory 
Care"  by  Donald  R  Black,  Barbara  G  Wilson,  and  Jon  N  Meliones  [RespirCare  1996:41(2):  125-132] 
contains  errors.  The  corrected  caption  is  printed  below  with  the  corrections  in  italics. 

The  authors  and  editors  are  grateful  to  Marcel  Lapointe,  Chicoutimi  Que,  Canada,  for  raising  the 
questions.  We  regret  the  errors. 


I 
E 
E 


Pra  -  Pveins 

.  PPV 

^ 

Ik  Spontaneous  Breathing 

1 

'        ' 

^ 

ABC  (Maximal) 
Venous  Return 


Fig.  2.  Venous  return  to  the  right  heart 
occurs  passively  and  depends  on  a  pres- 
sure gradient  from  the  systemic  veins  to  the 
right  atrium.  When  right  atrial  pressure  (Pra) 
is  zero,  there  Is  no  Impedance  to  flow/  back 
to  the  right  heart,  and  venous  return  is  max- 
imal {Point  C).  As  right  atrial  pressure 
increases,  and  mean  systemic  venous  pres- 
sure (P„eins)  IS  held  constant,  there  Is  a  pro- 
gressive reduction  In  venous  return.  When 
right  atrial  pressure  exceeds  mean  systemic 
venous  pressure,  venous  return  ceases. 
During  spontaneous  breathing,  right  atrial 
pressure  is  low  and  systemic  venous  return 
IS  high  (Point  B).  During  positive  pressure 
ventilation  (PPV),  Intrathoracic  pressure 
and  Pra  Increase  resulting  in  reduced 
venous  return  (Point  A).  (IVlodifled  from 
Reference  2,  with  permission). 


In  the  footnote  of  the  Historical  Notes:  Effective  Inhalation  Therapy.  Generalized  Obstruction  [reprinted 
in  RESPIRATORY  CARE  1 996:41  (3):233],  Dr  Edwin  R  Levine  was  noted  to  be  an  anesthesiologist.  He 
was,  in  fact,  a  chest  physician.  We  regret  the  eiTor  and  thank  Dr  LeRoy  Misuraca  for  bringing  it  to 
our  attention. 
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Effectiveness  of  Adding  Alternate-Day  Theophylline  to  the  Treatment 
Regimen  of  Patients  with  Moderate-to-Severe  Asthma* 


Ali  Emad  MD 


BACKGROUND:  The  use  of  theophylline  in  the  treatment  of  patients  with 
asthma  is  controversial.  MATERIALS  &  METHOD:  We  iissij>ned  12(»  patients 
with  moderate-to-severe  asthma  into  3  groups  of  equal  numbers  in  order  of 
their  presentation.  All  study  patients  received  inhaled  beclomethasone  (500 
//g  dail\ )  and  a  short-acting  inhaled  [i-l  agonist  (salbutamol  by  metered  dose 
inhaler)  as  necessary  up  to  3-4  times  a  day.  In  addition,  patients  in  Group  2 
(control  group)  were  prescribed  a  placebo  tablet,  and  patients  in  Group  3 
received  theophylline  (Theo-Dur)  250  mg  orally,  every-other-da>  at  bed  time 
( 10  PM).  (iroups  2  and  3  were  blinded  to  their  oral  medication.  I'he  duration 
of  the  study  was  6  months.  The  physician  administering  the  pulmonary  func- 
tion tests  was  blinded  to  the  study  assignment  of  the  patients.  RESULTS:  The 
means  and  standard  de\ iations  for  the  3  groups  for  FEV i.  FVC, and  PEER 
on  admission  to  the  study  did  not  ^ary  significantly  by  ANOVA  (EEVi,  p  = 
0.718;  E\  C.  p  =  0.402;  PEER,  p  =  0.453):  whereas,  at  the  close  of  the  study 
the  improvement  in  all  3  values  for  Group  3  was  significant  at  p  =  0.0001.  The 
number  of  hospital  admissions  from  Group  3  \>  as  also  significantly  lower  than 
those  of  the  other  groups  (ANO\  A.  p  =  0.0017).  CONCLISION:  Although 
the  serum  theophylline  concentrations  were  probably  below  the  therapeu- 
tic range  because  of  the  low,  alternate-da>  dose  (tbe>  were  not  measured), 
this  study  suggests  that  treatment  of  patients  with  moderate-to-se\ere  asthma 
with  theophylline  may  be  beneficial.  [RespirCare  1996:4 1(6):52()-5231 


Introduction 

Asthma  is  a  chronic  inflammatory  disease  of  the  airways 
that  can  he  severe  enough  to  cause  death.'  '  Management  of 
asthma  is  aimed  mainly  at  lessening  airway  innanimalion  with 
anti-inllammatory  drugs  and  reversing  acute  airway  obstruc- 
tion through  the  use  of  bronchodilators.  The  most  effective 
anti-innanimatory  drugs  for  the  treatment  of  moderate-to- 
severe  asthma  are  corticosteroids:^  ^  and  shon-actinL;  inhaleti 
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Nema/ee  Hospital.  PC)  Box  71345-1414.  Shiraz  University  of  Medical 
Science.  Shira/.  Iran. 

*See  the  related  editorial  on  pages  .507-508. 


[i-2  agonists  are  used  as  necessary  in  the  chronic  manage- 
ment of  asthma.  The  use  of  theophylline  is  controversial.'"-' 
Because  theophylline  has  a  nanow  therapeutic  range  and  many 
side  effects,  some  authors  recommend  its  use  only  after  inhaled 
corticosteroids  and  inhaled  fi-2  agonists  have  failed  to  con- 
trol the  patient's  symptoms. 

The  purpose  of  this  study  was  to  determine  whether  the 
regular,  intermittent  use  of  theophylline  is  beneficial  in  the 
management  of  patients  with  moderate-to-severe  asthma  and 
w  hether  it  is  associated  \s  ith  clinicali\  inipoilant  side  effects. 


Methods  &  Materials 


Patients 


Data  were  collected  from  all  patients  refened  to  our  clinic 
from  a  combination  of  complete  physical  examination,  struc- 
luivd  inter\  iew .  and  questionnaire  administered  by  a  physi- 
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ciiui  specialist.  The  eligibility  criteiia  included  ( 1 )  age  18  years 
or  older,  with  recuuent  episodes  of  wheezing  or  dyspnea,  (2) 
objective  evidence  of  airways  obstruction  during  episodes; 
(3)  sufficient  history  available  to  categorize  asthma  sever- 
ity: (4)  objective  evidence  of  improved  airflow  when  symp- 
tom free. 

Both  male  and  female  outpatients,  aged  18  to  60,  who 
had  moderate-to-severe  asthma'^  as  defined  by  the  Amer- 
ican Thoracic  Society"-"'  were  evaluated:  120  subjects  met 
our  criteria  and  entered  this  6-month  study.  Patients  were 
excluded  from  the  study  if  they  had  a  history  of  cigarette 
smoking  or  use  of  oral  corticosteroids.  Those  with  occu- 
pational lung  diseases  (including  occupational  asthma),  pul- 
monary fibrosis,  and/or  any  systemic  illness,  and  pregnant 
women  and  nursing  mothers  were  also  excluded.  Although 
the  prevalence  of  atopy  was  15%  in  Group  1,  20%  in  Group 
2,  and  12.5%  in  Group  3.  its  presence  was  not  a  prerequi- 
site for  selection.  Each  individual  gave  informed  and  signed 
consent  before  the  study.  All  patients  were  instructed  in  the 
correct  way  of  using  the  metered  dose  inhaler  (MDI)  before 
the  study. 

Patients  were  assigned  in  order  of  presentation  to  one  of 
three  groups  of  equal  size  (ie.  Patients  1.4,7,  10,  13,  16... 
to  Group  1,  Patient  2,  5.  8,  11.  14,  17...  to  Group  2,  and  so 
on.).  All  subjects  received  inhaled  beclomethasone  (500  ^/g 
daily)  and  short-acting  inhaled  /J-2  agonist  (salbutamol,  by 
metered  dose  inhaler)  as  necessary  up  to  3-4  times  a  day. 
Patients  in  the  control  group  (Group  2)  also  received  a 
placebo  tablet  and  patients  in  Group  3  received  sustained- 
release  theophylline  tablets  (Theo-Dur,  Key  Phamiaceuticals 
Inc,  Kenilworth  NJ)  250  mg  orally  at  bedtime  ( 10  PM)  on 
alternate  days.  Subjects  were  blinded  to  the  composition  of 
the  tablets. 

Pulmonary  Function  Tests 

Pulmonary  function  testing  was  performed  for  ail  patients 
at  the  beginning  of  the  study,  during  their  monthly  clinic  vis- 
its, and  at  the  termination  of  the  clinical  follow  up  6  months 
later.  All  tests  were  done  by  a  snigle  physician  (blinded  to 
the  treatment  assignment),  using  a  FUDAC-50  spirometer 
(Fukunda  Sangyo  Co  Ltd,  Japan).  Forced  expiratory  volumes 
(FEVi)and  flows  were  detennined  at  least  3  times  at  1-minute 
intervals,  with  the  patients  seated  upright.  The  effort  yield- 
ing the  best  FEV  i  and  peak  expiratory  flov\  ( PEFR )  was  cho- 
sen as  maximal. 

Follow-Up  &  Evaluation 

Duration  of  the  study  was  6  months.  All  subjects  had  reg- 
ulai-  monthly  follow-ups  and  spirometiic  evaluations.  The  num- 
bers of  hospital  admissions  due  to  severe  attacks  of  asthma 
6  months  prior  and  6  months  after  the  study  were  also  recorded. 
Each  attack  was  managed  with  inhaled  short-acting  /3-2  ago- 


nist (salbutamol  metered  dose  inhaler)  2  to  3  puffs  every  3- 
4  hours  for  the  first  24-48  hours.  The  patients,  however,  were 
instructed  to  be  admitted  to  a  predetermined  hospital  for  man- 
agement of  their  attacks,  if  they  did  not  respond  to  inhalation 
of  /3-2  agonist  at  any  time  during  this  period. 

During  their  hospital  admissions,  they  were  managed  with 
oxygen,  inhaled  /3-2  agonist,  hydration,  and,  if  necessary,  a 
short-course  of  intravenous  hydrocortisone,  w  hich  was  tapered 
rapidly  over  a  3-day  period  and  then  discontinued.  No  patient 
needed  oral  corticosteroids.  No  patients  were  admitted  for  more 
than  3  days. 

Data  Analysis 

Statistical  analysis  was  done  using  ANOVA.  A  Newman- 
Keuls  test  was  used  to  examine  response  differences  among 
the  means  of  the  three  groups  for  ANOVA.  with  p  values  sig- 
nificant at  p<0.05. 

Results 

The  3  groups  of  subjects  with  moderate-to-severe  asthma 
were  evaluated.  The  characteristic  features  of  all  groups  are 
shown  in  Table  I .  The  3  groups  were  comparable  in  regard 
to  FEV|,  FVC,  PEFR  at  the  beginning  of  the  study  (Table 
2).  The  values  at  the  end  of  the  study  (6  months)  are  shown 
in  Table  3.  The  mean  (SD)  PEFRs  at  the  beginning  of  the 
study  are  shown  in  Table  2.  The  values  of  the  same  variables 
measured  3  and  6  months  after  the  beginning  of  the  study  are 
shown  in  Tables  3  and  4.  Patients  in  Group  3  (the  treatment 
group)  showed  a  significant  improvement  at  3  months  but 
a  much  higher  improvement  at  6  months  compared  to  the  other 
2  groups. 

Table  1 .      Characteristics  of  Subjects  Meeting  Study  Criteria 


Group  1  (n  =  40) 

Group  2  in  =  40) 

Group  3  (n  =  40) 

Age  (years) 
Men  ' 
Women 

32.32(6.95)* 

12 

28 

34.47  (5.26) 

17 

23 

34.52(5.52) 

11 

29 

•Mean  ±  SD 

The  numbers  of  hospital  admissions  for  each  group  6 
months  prior  to  the  study,  during  the  study,  and  during  the 
6  months  following  the  study  are  shown  in  Table  5.  None  of 
the  patients  in  Group  3  suffered  from  any  major  side  effect 
or  any  toxicity  from  the  theophylline.  The  only  reported  side 
effect  of  the  theophylline  was  a  minimal  tremor  in  2  patients. 

Discussion 

After  more  than  50  years  of  clinical  use,  the  mode  of  action 
of  theophylline  is  still  poorly  understood.  It  is  a  methylxan- 
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Table  2.      Results  of  Pulmonary  Function  Testing  in  All  Groups  Prior  to 
the  Studv* 


FEV,  (L) 


FVC(L) 


PEFR(L/s) 


Group  1 
(n  =  4()) 

1.35(0.13) 

Group  2 
(n  =  40) 

1.32(0.19) 

Group  3 
(n  =  4()) 

1.31  (0.19) 

ANOVA 

p  =  0.718 

2.26(0.13) 

2.23(0.13) 

2.22(0.13) 
p  =  0.402 


3.02  (0.44) 

2.91  (0.51) 

2.87(0.51) 
p  =  0.453 


*.AII  gruups  rccei\ed  medication  b>  inhalation;  Group  2  also  received  alternate-day 
placebo  tablet;  Group  3  received  altcmate-day  theophylline.  FEV]  =  volume 
exhaled  in  first  second  ol"  forced  expiration;  FVC  =  forced  \  ital  capacity;  PEFR  = 
peak  expiratory  flow.  Values  are  mean  (SD). 


Table  3.      Results  of  Pulmonary  Function  Testing  in  .\]\  Groups  3 
Months  after  Beginnina  of  the  Study* 


FEV,  (L) 

FVC(L) 

PEFR(/s) 

Group  1 

(n  =  4()) 

1.40(0.19) 

2.30  (0.06) 

3.08(0.19) 

Group  2 

(n  =  40) 

1.41  (0.19) 

2.31  (0.13) 

3.09(0.13) 

Group  3 

(n  =  40) 

1.48(0.06) 

2.40(0.19) 

3.12(0.19) 

ANOVA 

p  =  0.03 

p  =  0.02 

p  =  0.04 

*AI1  jiroups  received  medication  by  inhalation;  Group  2  also  received  alternate-day 
placebo  tablet;  Group  3  received  alternate-day  theophylline.  FEV|  =  volume 
exhaled  in  first  second  of  forced  expiration;  FVC  =  forced  vital  capacity;  PEFR  = 
peak  expiratory  flow.  Values  are  mean  (SD). 


Table  4.      Results  of  Pulmonary  Function  Testing  in  All  Groups  at  the 
End  of  Studv  (6  Months)* 


FEV,  (L) 


FVC  (L) 


PEFR(L/s) 


Group  1 

(n  =  40) 

1.51  (0.19) 

Group  2 

(n  =  40) 

1.49(0.19) 

Group  3 

(n  =  40) 

1.82(0.13) 

ANOVA 

p  =  0.001 

2.38(0.19) 

2.35(0.19) 

2.80(0.19) 
p  =  ().()()l 


3.29  (0.38) 

3.12(0.38) 

4.06  (0.57) 
p  =  0.001 


*AII  groups  received  medication  by  inhalation;  Group  2  also  received  alternate-day 
placebo  tablet;  Group  3  received  alternate-day  theophylline.  FEVi  =  volume 
exhaled  in  first  second  of  forced  expiration;  FVC  =  forced  vital  capacity;  PEFR  = 
peak  expiratory  flow.  Values  are  mean  (SD). 


Table  5.      Hospital  Admissions  for  All  Groups  for  3  Time  Periods 

Number  of  Admissions 
6  Monlhs  Prior        During  6  Months  6  Months 

to  Study  of  Study  following  Study 


Group  1 
(n  =  40) 

Group  2 
(n  =  40) 

Group  3 

(n  =  40) 


17 


20 


12* 


15 


13 


14 


18 


4< 


All  groups  received  medication  by  inhalation;  Group  2  also  received  alternate-day 
placebo  tablet;  Group  3  received  alternate-day  theophylline.  *p  =  0. 1 8S;  "p  =  0.340; 
:p  =  0.0017. 


thine  similar  in  stmcture  to  the  dietary  xanthines  caffeine  and 
theobromide. 

TheophyUine  has  a  narrow  therapeutic  index,  potential  tox- 
icity, and  frequent  side  effects  even  at  serum  concentrations 
considered  to  be  therapeutic.'^  Thus,  it  has  been  suggested 
that  it  be  used  only  if  treatment  with  ideal  do.ses  of  inhaled 
steroids  and  bronchodilators  fails  to  provide  adequate  con- 
trol of  symptoms."* '"  To  avoid  the  side  effects  of  theophylline, 
at  least  one  group  of  in\  estigators  has  suggested  a  conser\  ati\  e 
therapeutic  range  of  5-15  jJg/mL  as  the  ideal  serum  theophylline 
concentration  (STC).-" 

Because  we  used  a  low  dose,  the  STC  in  our  patients  should 
have  been  lower  than  this  therapeutic  range;  however,  the  last 
group  who  received  theophylline  (intemiittently  but  regularly) 
had  more  improvement  in  their  FEV  i  (ANOVA.  p  =  ().()()()!  I 
and  PEFR  (ANOVA.  p  =  0.0001 )  and  required  fewer  hospi- 
tal admissions  ( ANOVA.  p  -  0.00 1 7 )  compared  to  the  other 
groups  at  temiination  of  the  study.  Tfie  differences  in  changes 
in  FEVi.  PEFR.  ;uid  hospital  admissions  were  also  significant. 

This  study  suggests  that  alternate-day  administration  of 
theophylline  may  be  beneficial,  producing  improved  FEVi 
and  PEFR  with  no  major  or  significant  side  effects  and  sig- 
nificantly reducing  the  number  of  hospitalizations  of  these 
patients  as  well.  The  beneficial  effects  of  intermittent  regu- 
lar treatment  with  theophylline  may  be  multifactorial.  Theo- 
phylline has  preventive  effects  on  nocturnal  attacks  of 
asthma-'-'  and  may  decrease  the  bronchial  hypersensitivity. 

It  has  been  well  shown  that  theophylline  can  reduce  the 
intlammatory  process  of  asthma  even  at  levels  below  its  ther- 
apeutic range. -■'■-^  In  other  words,  it  is  able  to  reduce  asthma 
symptoms  at  a  lower  serum  level  than  has  been  advocated 
for  hronchodilatation.  It  may  act  directly  on  the  penneability- 
regulating  microvascular  endothelial  cells  and  inhibit  both 
neural  and  nonneural  exudative  responses  into  tracheo- 
bronchial airways.-'' 

There  is  also  good  evidence  that  theophylline  and  ^ago- 
nists have  additive  effects,  even  if  true  synergy  is  not  seen.-'-* 
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It  is,  therefore,  possible  that  if  adequate  bronchodilation  is  not 
achieved  by  /J-agonists  alone,  theophylline,  even  at  low  oral 
doses  could  be  beneficial  by  inducing  further  bronchodilation.-'' 
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What  Is  Tracheal  Pressure-Triggering? — and  Do  We  Need  It? 


YES!  We  Do  Need  It!* 


With  assisted  or  supported  breaths,  patients  and  ventila- 
tors interact  during  each  phase  of  the  ventilatory  cycle;  the 
triggering  phase,  the  gas-delivery  phase,  and  the  breath-ter- 
mination, or  cycling  phase.  Suboptimal  interactions  during 
any  of  these  phases  can  lead  to  imposed  muscle  loading.  TTiese 
imposed  loads  may  lead  to  muscle  fatigue,  dyspnea,  increased 
need  for  sedation,  and  even  ventilator  dependence. 

A  number  of  recent  enhancements  have  improved  patient- 
ventilator  interactions.  Among  these  are  more  sensitive  and 
responsive  demand  valves  (including  the  use  of  flow-trig- 
gering); pressure-targeted  breaths  delivering  patient-controlled 
flows;  the  capability  to  adjust  the  rate  of  rise  (or  rise-time) 
of  these  pressure-limited  breaths  to  better  match  patient  demand 
at  the  initiation  of  gas  flow;  and  capabilities  to  adjust  the  dura- 
tion t)f  inspiration. 

A  common  feature  of  all  interactive  breaths  is  that  the  ven- 
tilator must  ha\e  a  means  of  detecting  patient  effort.  On  many 
ventilators,  a  pressure  or  flow  sensor  located  somewhere  in 
the  ventilator  circuitry  detects  the  changes  in  pressure  or  flow 
to  which  the  \entilator  responds  with  changes  in  gas  flow.  B;in- 
ner  et  al '  in  a  1 993  paper  introduced  the  idea  of  placing  a  pres- 
sure sensor  at  the  tip  of  the  endotracheal  tube  (tracheal  sen- 
sor) rather  than  in  the  ventilator  circuitry.  They  argued  that 
placing  the  ventilator  sensor  closer  to  the  site  of  patient  effort 
would  reduce  breath-triggering  work,  thereby  improving 
patient-ventilator  interactions,  and  they  presented  data  from 
a  lung  model  supporting  this  contention.  In  this  issue  of  RES- 
PIRATORY Care,  Bhatt  et  al-  also  use  a  lung  model  to  study 
the  effects  of  a  tracheal  pressure  sensor,  but  they  conclude 
that  the  reduction  in  triggering  work  can  be  mimicked  by  sim- 
ply applying  ainvay  pressure  support.  However.  I  believe  that 
this  conclusion  may  be  too  simplistic  and  that  tracheal  pres- 
sure sensing  deserves  more  study. 

To  understand  why  tracheal  pressure  sensing  might  impro\e 
patient-ventilator  tnggering  interactions  differently  than  does 


*For  an  opposing  viewpoint,  see  page  526. 


simply  adding  airway  pressure  support,  one  needs  to  consider 
the  properties  of  demand  valves  and  endotracheal  tubes. 
Demand  valves  are  characterized  by  both  sensitivity  (the 
amount  of  pressure  or  flow  change  that  must  be  sensed  before 
the  valve  is  opened),  and  responsiveness  (the  speed  at  which 
the  valve  opens  to  reach  the  target  flow  or  pressure).  Valve 
function  is  also  affected  by  the  endotracheal  tube,  which  serves 
as  a  flow-resistive  element  separating  the  lungs  (where  patient 
effort  is  generated)  from  the  traditional  ventilator  sensing  sites 
in  the  circuitry. 

Mo\  ing  the  pressure  sensor  to  the  patient  side  of  the  endo- 
tracheal tube  has  little  effect  on  the  sensitivity  of  the  valve 
because,  with  a  pressure-triggering  system,  the  demand  valve 
is  closed  when  patient  effort  to  initiate  a  \entilator  breath  begins. 
Under  these  circumstances,  pressure  changes  move  roughly 
at  the  speed  of  sound  and  thus  moving  the  sensing  site  a  few 
centimeters  closer  to  the  pleura  and  muscles  has  minimal  eft'ect. 
(The  sensitivity  of  a  flow-based  trigger,  of  course,  is  not  affected 
by  pressure-sensor  location). 

Howe\ er.  moving  the  pressure  sensor  to  the  patient  side 
of  the  endotracheal  tube  could  have  substantial  effect  on  respon- 
siveness of  the  valve,  especially  with  a  pressure-targeted  breath. 
Tliis  is  because  the  pressure-targeted  breath  is  designed  to  have 
the  demand  valve  provide  enough  flow  to  achieve  a  so-called 
square  wave  of  inspiratory  pressure  at  the  sensing  site.  If  the 
sensing  site  is  in  the  ventilator  circuitry,  the  resistive  nature 
of  the  endotracheal  tube  converts  this  square-wave  airway- 
pressure  profile  into  a  so-called  ramped  pressure  profile  in 
the  trachea  (Fig.  1.  lefl  panel).  This  pattern  may  not  provide 
a  rise  in  alveolar  pressure  rapid  enough  to  satisfy  active  patient 
demand.  Moreover,  increasing  the  magnitude  of  the  airway 
inspiratory  pressure  does  not  change  the  ramp  pattern  in  the 
lung.  On  the  other  hand,  placing  the  demand-valve  pressure 
target  beyond  the  endotracheal  tube  results  in  the  develop- 
ment of  the  square  pressure  profile  in  the  trachea  and  a  decel- 
erating pressure  profile  in  the  ventilator  circuit  (Fig.  1.  right 
panel).  Thus,  contrary  to  the  conclusion  of  Bhatt  et  al,-  tra- 
cheal targeting  may  not  be  simply  inadvertent  airway  pres- 
sure support. 
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Fig,  1 .  Airway  pressure  (Paw),  tracheal  pressures  (Ptr),  and  flow  (V) 
patterns  when  pressure  support  is  targeted  to  the  airway  (left 
panel)  or  targeted  to  the  trachea  (right  panel).  When  the  pressure 
target  is  the  airway,  the  resistance  of  the  endotracheal  tube  pro- 
duces a  ramped  pressure  wave  form  in  the  trachea.  In  contrast, 
when  the  pressure  target  is  the  trachea,  the  ventilator  must 
respond  with  a  higher  flow  and  a  higher  pressure  in  the  circuit  to 
overcome  endotracheal  tube  resistance  and  produce  the  desired 
square  wave  in  the  trachea. 


The  measurements  made  by  Bhatt  et  al  may  not  allow  these 
points  to  be  illustrated.  Specifically,  work  was  calculated  only 


at  the  pressure-sensing  site.  Thus,  work  using  tracheal  sens- 
ing was  measured  in  the  trachea,  but  work  during  airway  sens- 
ing was  measured  in  the  circuit.  That  they  were  similar  at  the 
ventilator's  pressure-sensing  site  under  both  conditions  is  not 
surprising.  I  believe  that  measurements  at  both  sites  under  both 
conditions  would  have  been  more  appropriate  to  illustrate  the 
concepts  outlined  and  illustrated  m  Figure  I. 

In  conclusion,  the  more  rapid  rise  of  pressure  in  the  tra- 
chea from  tracheal  sensing  could  conceisably  enhance  patient- 
ventilator  synchrony  dunng  the  initial  phases  of  breath  ini- 
tiation. It  is  clear  that  this  needs  to  be  studied  clinically,  and 
proper  adjustments  of  the  rate  of  rise  of  pressure  in  the  tra- 
chea need  to  be  titrated  to  patient  demands.  Distal  pressure- 
sensing  and  breath-targeting  may  have  distinct  advantages  in 
improving  patient- ventilator  synchrony.  It  is  premature  to  dis- 
miss it  as  merely  "inadvertent"  pressure  support. 

Neil  R  Maclntyre  MD 

Professor  of  Medicine 

Respiratory  Care  Services 

Duke  University  Medical  Center 

Durham,  North  Carolina 
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Wliat  Is  Tracheal  Pressure-Triggering? — and  Do  We  Need  It? 


NO!  We  Don't  Need  It!* 


Optimizing  the  ability  ot  the  patient  to  trigger  the  venti- 
lator is  a  common  goal  for  clinicians  and  manufacturers  alike. 
For  clinicians,  setting  appropriate  sensitivity,  adjusting  rise 
time,  and  eliminating  unnecessary  causes  of  the  imposed  work 
of  breathing  are  orders  of  tlie  day.  For  manufacturers,  mechan- 
ical and  software  engineering  to  speed  signal  processing, 
improve  sensor  response,  and  maximize  the  post-trigger  phase 
are  important  goals. 

Issues  related  to  triggering  and  the  work  of  breathing  have 
been  the  subject  of  frequent  reports  in  Respir.MORY  Care. 
Sassoon  and  Mahutte  covered  the  major  technical  aspects 
of  pressure  and  flow  triggering  in  the  March  1995  issue.' 
Their  conclusions  are  in  agreement  with  mine  and  others.-  "* 
That  is,  flow-triggering  does  appear  to  have  some  advan- 
tage over  pressure-triggering,  related  to  a  faster  response  time. 
The  open  position  of  the  exhalation  valve  during  flow-trig- 
gering may  improve  response  compared  to  the  position  of 
the  exhalation  valve  (closed)  during  pressure-triggering.  How- 
ever, the  major  difference  in  flow-triggering  systems  appears 
to  be  the  post-trigger  phase  or,  perhaps  more  appropriately. 
the  limit  and  cycle  variables.  In  fact,  most  current-gener- 
ation ventilators  provide  1 .5-3.5  cm  HjO  pressure  support 
during  spontaneous  breathing  with  continuous  positive  air- 
way pressure  (CPAP).'*' 

Studies  comparing  current-generation  mechanical  ven- 
tilators demonstrate  a  minute  amount  of  imposed  work  of 
breathing  during  spontaneous  breathing.^'"  In  many  cases  these 
values  are  reported  in  millijoules  and  are  approximately  29r 
of  the  normal  work  of  breathing  (0.5  mJ/L).  A  number  of 
investigators  agree  that  the  difference  in  the  imposed  work 
of  breathing  between  ventilators  is  measurable,  but  of  little 
clinical  importance.'"' 

The  question  raised  then  becomes.  What  next?  Over  the 
past  several  years.  Banner  and  colleagues^ '"  have  suggested 
triggering  tlie  ventilator  from  the  carinal  lip  of  the  endotracheal 


*For  an  opposing  \  ieupciint.  see  page  524. 


tube.  This  technique  eliminates  the  imposed  work  of  breath- 
ing caused  by  the  endotracheal  tube."  In  concept,  this  appears 
to  make  sense.  Moving  the  trigger  point  close  to  the  source 
of  the  signal  should  improve  the  response.  In  fact,  the  work 
imposed  by  the  endotracheal  lube  is  10  times  that  imposed 
by  the  ventilator's  trigger  mechanism.  The  ability  to  over- 
come endotracheal  tube  resistance  might  prove  useful  in  wean- 
ing patients  vulnerable  to  respiratory  muscle  fatigue. 

Banner  et  al**  reported  that  tracheal  pressure-triggering 
reduces  the  imposed  work  by  382%  and  315%.  compared 
to  proximal  pressure-  and  flow-triggering."*  A  series  of  arti- 
cles by  this  group  of  investigators  has  continued  to  show  the 
superiority  of  tracheal  pressure-triggering.''  '"  But,  is  it  tra- 
cheal pressure-triggering  that  is  causing  the  reduced  work 
of  breathing? 

Each  breath  delivered  from  the  ventilator  can  be  described 
by  the  trigger,  limit,  and  cycle  variables.  Tracheal  pressure- 
triggering  also  includes  tracheal  pressure-limiting  and  tra- 
cheal pressure-cycling.  The  end  result  is  demonstrated  nicely 
in  a  figure  (Fig.  I )  from  Banner  et  al's  second  paper. ^  The 
figure  demonstrates  that  when  using  the  tracheal  pressure  sig- 
nal to  control  breath  delivery,  positive  airway  pressure  is  pre- 
sent at  the  proximal  airway.  The  "magic"  behind  tracheal  pres- 
sure-triggering then  is  the  use  of  pressure  support  ventilation! 
Trache;U  pressure-triggering  may  reduce  response  time  slightly, 
but  how  much  faster  than  80  ms  does  the  response  time  need 
to  be?  Now,  before  my  pediatric  colleagues  jump  in.  1  am 
referring  to  adult  patients  with  respiratory  frequencies  in  the 
range  of  12-30  breaths/min.  In  neonates  breathing  80  times 
a  minute,  even  a  slight  improvement  in  response  time  may 
be  helpful. 

In  this  issue  of  RESPIRATORY  CARE.  Bhatt  et  al'-  present 
their  work  related  to  the  imposed  work  of  breathing  during 
CPAP  and  the  role  of  tracheal  pressure-triggering.  Their  work 
quite  nicely  supports  my  contention  that  tracheal  pressure- 
triggering  is  a  complex  way  of  providing  pressure  support 
to  overcome  endotracheal  tube  resistance.  I  quote  from  their 
paper,  "The  decrease  in  imposed  work  during  tracheal  pres- 
sure-triggering is  not  due  to  an  alteration  in  the  triggering  func- 
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6.0  mm  ETT 
CP  FB  TP 


9.0  mm  ETT 
CP  FB  TP 


T^U-A^-^     A^V-A^ 


Fig.  1.  Pressure  changes  measured  at  the  tracheal  end  of  the 
endotracheal  tube  (Pet).  Y  piece  (Py),  and  exhalation  limb 
(Pexh  limb)  of  the  breathing  circuit,  and  changes  in  inspiratory  and 
expiratory  flows  and  volume  during  spontaneous  breathing  with 
conventional  pressure-triggering  (CP),  flow-by  triggering  (FB),  and 
tracheal  pressure-triggering  (TP)  with  6-  and  9-mm  internal  diame- 
ter endotracheal  tubes  (ETT),  Note  that  greater  decreases  in  inspi- 
ratory pressure  were  measured  at  the  tracheal  end  of  the  endotra- 
cheal tube  than  at  the  Y  piece  or  exhalation  limb  of  the  breathing 
circuit,  and  that  pressure  decreases  were  greatest  dunng  conven- 
tional pressure-triggering,  less  during  flow-by  triggenng,  and  low- 
est during  tracheal  pressure-triggering  under  the  same  conditions 
of  peak  inspiratory  flow  demand  and  tidal  volume.  Under  these 
conditions,  inspiratory  imposed  work  by  the  breathing  apparatus 
was  significantly  (p  <  0.05)  lower  during  flow-by  tnggering  com- 
pared with  conventional  pressure-triggering,  and  during  tracheal 
pressure-triggering  compared  with  flow-by  tnggering  and  conven- 
tional pressure-triggehng. 


tion  per  se.  but  rather  due  to  an  inadvertent  pressure  assist. 
and  is  no  more  advantageous  than  the  application  of  pressure 
support  to  compensate  for  the  apparatus  work."  Well  said, 
I  am  always  happy  to  praise  the  work  of  others — particularly 
when  it  supports  my  opinion. 

Where  does  this  leave  us?  In  an  opposing  opinion.  Mac- 
Intyre"  tells  us  that  tracheal  pressure-triggering  (limit  and 
cycling)  is  the  next  logical  step  in  reducing  imposed  work, 
I  do  not  agree.  As  Bhatt  et  al  have  shown,  tracheal  pressure- 
triggering  is  not  only  a  misnomer  hut  also  is  no  more  effec- 
tive than  pressure  support.  I  loathe  adding  another  tenn  to  the 
morass  of  mechanical  ventilation  terminology,  but  tracheal 
pressure  control  is  a  more  accurate  term. 

Several  authors  have  attempted  to  develop  equations  to 
predict  the  amount  of  pressure  support  necessary  to  over- 


come endotracheal  tube  resistance,  given  a  known  tube  size 
and  patient  tlow  demand.'"*"  This  is  the  simple  man's  tra- 
cheal pressure  control.  One  might  wonder  why  I  think  tra- 
cheal pressure  control  is  unnecessary.  Consider  the  cost  and 
complexity  of  adding  tracheal  pressure  control  to  a  current- 
generation  ventilator.  An  additional  pressure  sensor  and  soft- 
ware to  support  that  sensor  will  be  required.  Protection  of 
the  signal  from  humidity  and  secretions  will  be  necessary. 
Will  we  need  special  endotracheal  tubes  with  imbedded 
lumens  for  the  new  sensor?  Will  a  separate  catheter  be  ad- 
vanced to  the  distal  tip  of  the  endotracheal  tube,  further 
increasing  the  imposed  work  by  reducing  internal  diameter 
and  increasing  turbulence?  How  will  position  of  the  catheter 
be  determined  and  maintained?  How  will  the  catheter  affect 
the  ease  and  effectiveness  of  endotracheal  suctioning?  If  the 
tracheal  pressure  signal  fails,  what  will  happen?  Redundant 
systems  for  failure  modes  will  be  required.  In  addition,  has 
anyone  shown  that  overcoming  endotracheal  tube  resistance 
is  either  helpful  or  a  good  idea?  Certainly,  in  cases  of  inap- 
propriately sized  airways  the  tracheal  tube  imposes  an  inor- 
dinate amount  of  work.'"  But  what  about  the  probable  mil- 
lions of  patients  who  have  been  successfully  weaned  using 
T-piece  and  CPAP  trials,  breathing  through  the  endotracheal 
tube  without  pressure  support'  Any  number  of  maneuvers 
and  manipulations  can  reduce  the  work  of  breathing.  We  just 
do  not  know  which  ones  are  important  or  useful.  Under  these 
circumstances,  tracheal  pressure  control  seems  like  a  "long 
haul  for  a  short  slide.' 

As  an  alternative,  Guttmann  et  al"  have  developed  a  tech- 
nique that  allows  continuous  calculation  of  intratracheal  pres- 
sure and  automatic  compensation  of  imposed  work.  By  char- 
acterizing the  flow-resistive  properties  of  endotracheal  tubes 
of  different  sizes  and  measuring  flow,  these  investigators  were 
able  to  successfully  mimic  tracheal  pressure  control.  How- 
ever, the  numerous  disadvantages  of  tracheal  pressure  con- 
trol and  monitoring  are  relieved.  In  this  situation,  the  clini- 
cian enters  the  tracheal  tube  size  into  the  ventilator's  logic 
and  the  ventilator  automatically  compensates  for  tube  resis- 
tance. Of  course  this  also  requires  modification  of  ventilator 
software,  but  it  appears  to  me  to  be  a  simpler  and  more  reli- 
able method.  This  of  course  does  not  eliminate  the  questions 
suiTounding  the  \alue  of  eliminating  tracheal  tube  resistance, 
but  that  is  the  subject  of  further  study.  As  an  example.  Fig- 
ure 2  demonstrates  pressure-volume  curves  from  the  proposed 
system.  In  this  figure,  the  actual  measured  tracheal  pressure 
is  compared  to  the  calculated  pressure  and  proximal  airway 
pressure.  This  demonstrates  the  utility  of  a  'smart'  ventila- 
tor's performing  calculations  and  eliminating  imposed  work 
without  further  clinician  input. 

I  admit  that  automatic  compensation  for  endotracheal  tube 
resistance  is  in  the  future,  but  it  is  certainly  in  the  realm  of 
tasks  that  cun-ent-generation  ventilators  are  capable  of  per- 
forming. Tracheal  pressure  control,  not  pressure-triggering, 
may  have  some  advantage,  but  is  fraught  with  technical  prob- 
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Points  of  View 


P  (cm  H2O) 

Fig.  2.  Pressure-volume  curves  from  ventilator  system  that  contin- 
uously calculates  intratracheal  pressure  and  automatically  com- 
pensates for  imposed  work.  Actual  measured  tracheal  pressure 

( )  is  compared  to  calculated  pressure  ( )  and  proximal 

airway  pressure  ( ). 


lems.  As  for  me.  I'll  just  keep  deliveinng  pressure  support  the 
old-fashioned  way. 

Richard  I)  Branson  RRT 

Assistant  Professor  of  Surgery 

University  of  Cincinnati 

Cincinnati.  Ohio 
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Introduction 

The  concept  that  one  could  breathe  liquids  yet  sustain  gas 
exchange  was  tlrst  demonstrated  b)'  KylsU'a  et  al'  in  1962.  when 
they  documented  the  ability  of  mice  to  survive  while  submerged 
in  saline  (0.9'/^  NaCl  I  that  has  been  oxygenated  under  hyper- 
baric conditions.  Clark  and  Gollan-  subsequently  led  the  wax 
toward  the  use  of  perfluorocarbon  for  liquid  breathing  when 
tliey  reported  the  ability  to  sustain  gas  exchiuige  in  the  submerged 
spontaneously  pertluorocarbon-breathing  mouse.  Pertluoro- 
carbons  are  structurally  similar  to  hydrocarbons  with  the  hydro- 
gen replaced  by  fluorine.  TTie  carbon  chains  \  ary  in  length,  and 
an  additional  moiety  often  is  attached  to  the  molecule  that, 
together,  give  unique  properties  to  each  perfluorocarbon.  In  gen- 
eral, perfluorocarbons  have  excellent  oxygen  and  carbon  diox- 
ide canymg  capacity  (O2. 50  mL/dL  and  CO2. 1 60-2 1 0  mlVdL).' 
They  ans  clear,  odorless,  inert  liquids  that  are  immiscible  in  aque- 
ous and  most  other  solutions.  They  are  relatixely  dense  ( 1 .7- 
1 .9  g/mL)  and  ha\e  a  low  surface  tension  (15-19  dyn/cm). 

Partial  vs  Total  Liquid  Ventilation 

The  work  of  breathing  is  markedly  increased  during  spon- 
taneous perfluorocarbon  breathing  because  of  the  elevated  resis- 


Dr  Hirschl  is  .Assistant  Professor.  Departments  of  Surger. .  CS  Mott  Chil- 
dren's Hospital  and  the  Universit>  of  Michigan.  .Ann  Arbor.  Michigan. 

A  version  of  this  paper  was  presented  by  Dr  Hirschl  as  part  of  the  New 
Horizons  Symposium  during  the  AARC  Annual  Meeting,  December  1995. 

Correspondence:  Ronald  B  Hirschl  MD.  F3970  Mott  Childrens  Hospital. 
1500  E  Medical  Center  Dnve.  Ann  Arbor  MI  4S 109-0245. 


tance  to  flow  of  a  liquid  in  the  ainv  ay  s.  For  this  reason,  mechan- 
ical devices  have  been  developed  and  tested  in  the  laboratory 
to  pro\  ide  total  liquid  ventilation  (TLV)  during  v\hich  the  lungs 
are  first  filled  to  a  \olume  equivalent  to  the  functional  resid- 
ual capacity  (FRC,  approximately  30  mL/kg)  and  then  ven- 
tilated v\ith  pertluorocaibon.  In  1974.  Shaffer  and  Moskow  itr* 
documented  the  ability  of  such  a  device  to  pro\  ide  demand- 
regulated  TLV.  Other  devices  have  been  developed  that  apply 
extracoiporeal  technology  (Fig.  I ).' 


Lungs 


Reservoir 


Fig.  1.  A  flow-limited,  time-cycled  device  for  liquid  ventilation.  The 
control  box  allows  variation  in  inspiratory  and  expiratory  time. 
During  inspiration,  the  pinch  valve  is  occluded,  and  the  pump  func- 
tions, so  that  a  tidal  volume  is  generated-  Dunng  expiration,  pump 
function  IS  discontinued,  occluding  the  inspiratory  limb.  At  the 
same  time,  the  pinch  valve  releases,  allowing  drainage  of  perfluo- 
rocarbon into  the  reservoir.  (From  Reference  5,  with  permission,) 
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In  1991.  the  first  experience  with  partial  liquid  ventila- 
tion (PLV)  in  a  healthy  rabbit  model  was  repoiled.'' With  this 
technique  the  lungs  are  filled  with  perfluorocarbon  to  a  vol- 
ume equivalent  to  FRC  and  then  gas  ventilated  with  a  stan- 
dard mechanical  ventilator.  The  adequacy  of  the  pertluoro- 
carbon  dose  is  a.ssessed,  during  PLV.  by  observing  a  meniscus 
of  perfluorocarbon  within  the  endotracheal  tube  at  end-expi- 
ration. PLV  has  ad\  antages  over  TLV;  PLV  does  not  require 
use  of  an  additional  device  or  an  understanding  of  the  physics 
of  liquid  flow  through  the  airways,  endotracheal  tube,  and 
liquid-ventilation  device.  Therefore.  PLV  can  be  relatively 
easily  performed  if  one  has  an  understanding  of  the  man- 
agement of  critically-ill  patients  with  respiratory  failure.  A 
number  of  studies  have  demonstrated  the  efficacy  of  PLV  in 
improving  gas  exchange  in  preterm  and  full-term  neonatal, 
pediatric,  and  adult  lung-injury  models  created  by  intravenous 
oleic-acid  administration,  gastric-acid  aspiration,  meconium 
aspiration,  congenital  diaphragmatic  hernia  (CDH).  and  saline 
lung  lavage.'"'^ 

Gas  Exchange  &  Pulmonary  Function 

The  mechanisms  by  which  gas  exchange  and  pulmonary 
function  are  increased  during  liquid  ventilation  have  been 
explored  over  the  last  few  years.  We  previously  demonstrated 
the  ability  of  TLV  to  recruit  collapsed  lung  regions  in  an  ex- 
vivo  lung  model  of  atelectasis.'*"  Compared  to  gas  ventilation, 
end-expiratory  lung  volume  increased  8-fold  in  otherwise  nor- 
mal, atelectatic  lungs  and  14-fold  in  surfactant  deficient, 
atelectatic  lungs  during  TLV.  These  data  suggest  that  per- 
fluorocarbon might  enhance  alveolar  recruitment  in  the  set- 
ting of  atelectasis  with  or  without  surfactant  deficiency  and. 
thereby,  improve  pulmonaiy  gas  exchange.  We  subsequently 
evaluated  the  ability  of  both  TLV  and  PLV  to  resolve  tlie  atelec- 
tasis/consolidation  that  is  commonly  seen  in  the  dependent 
regions  of  the  lungs  in  patients  with  ARDS.'''  Perfluorocar- 
bon appears  to  effectively  distribute  into  those  dependent  lung 
regions  during  both  PLV  and  TLV.  with  associated  alveolar 
recruitment.'*"  Ganger et  al'" evaluated  FRC  in  an  oleic-acid 
model  of  lung  injury  during  PLV  and  gas  ventilation.  FRC 
was  measured  by  helium  dilution  and  by  a  technique  simi- 
lar in  concept  to  body  plethysmography.  The  gas  FRC 
decreased  following  induction  of  lung  injury  and  further 
decreased  following  initiation  of  PLV.  However,  when  one 
added  the  gas  FRC  to  the  volume  of  perfluorocarbon  admin- 
istered, the  mean  total  FRC  in  the  PLV  animals  was  equal  to 
or  greater  th;m  that  observed  before  the  injury.  These  data  sug- 
gest that  administration  of  [vrtluorocarbon  during  PLV  results 
in  the  recruitment  of  otherwise  atelectatic  or  consolidated  lung 
regions  and  may  enhance  venlilation-perfusion  matching  and 
gas  exchange.  In  addition,  administration  of  perfluorocarbon 
tends  to  result  in  redisuibution  of  pulmonary  blood  flow  aw  ay 
from  those  dependent  regions  toward  the  nondependent.  bet- 
ter-aerated lung  regions  during  TLV. '"  This  pattern  of  redis- 


tribution of  pulmonary  blood  flow  may  also  result  in  an 
improvement  in  ventilation-perfusion  matching  and  gas 
exchange  during  PLV  following  lung  injury. 

Effects  on  Lung  Injury  &  Inflammation 

One  fascinating  and  fairly  reproducible  finding  is  a  reduc- 
tion in  the  degree  of  lung  injury  and  inflammation  observed 
during  liquid  compared  to  gas  ventilation  in  animal  models 
of  respiratory  failure."  -"  Studies  have  now  documented  a 
decrease  in  neutrophil  infiltration,  intra-alveolar  hemorrhage, 
and  exudate  formation  during  PLV  compared  to  gas  venti- 
lation of  rats  with  lungs  injured  by  cobra  venom  factor.-'  -- 
The  basis  for  this  reduction  in  lung  injury  is  unclear.  A  lavage 
effect  during  TLV  or  PLV  or  a  mechanical  effect  due  to  the 
presence  of  the  highly  immiscible  perfluorocarbon  in  the  rein- 
flated  alveoli  are  all  possible  mechanisms  for  this  observa- 
tion. In  addition,  there  may  be  a  direct  anti-infl;unmatory  effect 
provided  by  the  presence  of  perfluorocarbon  in  the  ah  eolus — 
in  vitro  studies  have  suggested  that  macrophage  function  and 
neutrophil  adhesion  and  cell  killing  may  be  reduced  in  the 
presence  of  perfluorocarbon.-'  -''  Further  clinical  investiga- 
tion is  required  to  ascertain  the  role  that  this  protective  effect 
may  play  in  preventing  initial  development  and  progression 
of  lung  injury  in  patients  with  potential  or  established  res- 
piratory insufficiency. 

Clinical  Experience 

Phase  I  and  II  studies  evaluating  the  efficacv'  of  PLV  in  pre- 
mature newborn,  pediatric,  and  adult  patients  with  respiratory 
insufficiency  have  been  completed  and  have  demonstrated 
encouraging  results.  A  multicenter  study-"  involving  13  pre- 
mature newborns  who  had  failed  two  doses  of  surfactant  and 
had  a  PaO:/PAO:  <  0-2  demonstrated  a  2-fold  increase  in  com- 
pliance from  approximately  0.2  to  0.4  niL  •  cm  H2O"'  •  kg"' 
iind  a  decrea.se  in  oxygenation  index  (01  =  [(mean  ainvay  pres- 
sure ■  Fio;)/PaO:l  100)  from  approximately  50  to  10  during  the 
24-hour  period  following  initiation  of  PLV  w  ith  perflubron 
(LiquiVent ".  Alliance  Pharmaceutical  Corp.  San  Diego  CA). 

In  similar  phase  I  and  II  studies,  we  evaluated  parameters 
of  pulmonary  function  and  gas  exchange  in  adults,  children, 
and  newborns  w  ith  respiratory  failure  on  extracorporeal  life 
support  (ECLS).-' This  series  of  patients  included  10  adults 
with  a  variety  of  diagnoses  (pneumonia  =  7.  charcoal  aspi- 
ration =  I,  ARDS  =  1.  and  asthma  =  1 ):  4  pediatric  patients 
( pneumonia  =  2,  hydrocarbon  aspiration  =  1,  ARDS=  1 ):  and 
.S  neonates  (CDH  =  4.  primary  pulmemary  hypertension  of  the 
ncvvhom  =  1 ).  Figure  2  is  the  anteropostenor  chest  radiograph 
of  an  adult  w  ith  ARDS  and  Figure  3  that  of  a  newborn  with 
congenital  diaphragmatic  hernia,  after  the  lungs  have  been 
filled  with  the  radiopaque  perflubron.-^  As  demonstrated  in 
Figures  4  and  5,  a  decrease  in  the  difference  between  alve- 
olar and  arterial  Po;  and  an  increase  in  static  pulmonary  com- 
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Fig.  2.  Representative  anteroposterior  radiograph  of  a  36-year-old 
adult  wltti  pneumonia.  (From  Reference  29,  with  permission) 
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Fig.  4.  IVIean  change  In  the  alveolar-arterial  Pq:  difference  prior  to 
and  during  partial  liquid  ventilation  in  19  adults,  children,  and 
neonates  with  respiratory  failure,  during  periods  of  discontinuation 
of  extracorporeal  life  support,  p  =  0.0002  by  repeated  measures 
ANOVA;  •  p  =  0.006,  '  p  =  0.003.  *  p  =  0.002  by  post-hoc  paired  t 
test  with  Bonferroni  correction  p  =  0.017,  (From  Reference  27, 
with  permission.) 


Fig.  3.  Chest  radiograph  from  a  neonate  with  congenital  diaphrag- 
matic hernia  during  partial  liquid  ventilation.  (From  Reference  28. 
with  permission.) 


pliance  were  observed  during  periods  of  discontinuation  of 
ECLS  in  the  72  hours  following  initiation  of  PLV,-^  Similar 
improvements  were  observed  in  individual  adult,  pediatric, 
and  neonatal  populations.-*"'"'  All  patients  tolerated  admin- 
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Fig.  5.  tVlean  change  in  static  pulmonary  compliance,  corrected  for 
patient  weight,  prior  to  and  during  partial  liquid  ventilation  in  19 
adults,  children,  and  neonates  with  respiratory  failure  dunng  peri- 
ods of  discontinuation  of  extracorporeal  life  support,  p  =  0.0002  by 
repeated  measures  ANOVA;  *  p  =  0.002.  ^  p  =  0.003,  *  p  =  0.01  by 
post-hoc  paired  nest  with  Bonferroni  correction  p  =  0.017.  (From 
Reference  27.  with  permission.) 


istration  of  perflubron  without  evident  hemodynamic  com- 
promise. Of  the  19  patients.  14  were  successfully  weaned  from 
extracorporeal  support,  and  1 1  survived  to  discharge.  Pneu- 
mothoraces  occurred  during  PLV  in  9  patients,  although  6  of 
these  had  ipsilateral  pneumothoraces  prior  to  initiation  of  PLV. 
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Peifluorocarbon  was  observed  in  the  chest  cavity  in  3  patients 
with  pneumothoiaces  and  was  nirted  on  subsequent  radiographs 
to  resolve  slowly  without  evident  deleterious  effects.  One 
neonate  developed  pulmonary  hemonhage  approximately  2 
days  after  discontinuation  of  ECLS  and  4  days  after  admin- 
istration of  the  last  dose  of  perflubron.  Mucus  plug  forma- 
tion that  compromised  gas  exchange  was  observed  in  one 
patient  and  resolved  with  aggressive  suctioning  and  bron- 
choscopy. Although  a  number  of  other  complications  of  crit- 
ical disease  processes  and  ECLS  were  observed  in  these  crit- 
ically ill  patients,  none  appeared  to  be  related  to  PLV.  Repeated 
bronchoscopy  in  all  patients  failed  to  demonstrate  any  evi- 
dence of  adverse  effects  upon  the  visible  airways.  The  1 1  sur- 
viving patients  were  well,  without  evidence  of  pulmonary  or 
systemic  adverse  effects  from  the  use  of  pertluorocarbon  after, 
8  to  IS  months  of  follow  up. 
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Fig.  6.  Demonstration  of  the  presence  of  the  hydrostatic  effect 
observed  in  the  pressure-volume  curve  after  filling  wiith  10  mlikg. 
This  phenomenon  has  been  termed  the  'beak'  and  appears  to  be 
related  to  the  presence  of  pertluorocarbon  in  the  central  airw/ays  at 
end-expiration.  The  presence  of  a  beak  may  be  used  to  monitor  the 
degree  of  pertluorocarbon  filling  during  initial  and  subsequent  dos- 
ing. In  this  example,  the  beak  is  observed  to  resolve  during  the 
ensuing  60  minutes  as  the  majority  of  the  pertluorocarbon  evapo- 
rates and/or  distnbutes  into  regions  of  the  lungs  that  had  likely  been 
atelectatic  or  consolidated.  (From  Reference  32,  with  permission.) 


Dosing  &  Distribution 

Protocols  that  are  presently  active  involve  adults,  children. 
full-term  newborns  (non-CDH).  CDH  newborns,  and  pretenn 
newborns  who  are  not  on  ECLS.  In  these  studies,  pertluo- 
rocarbon is  administered  as  frequently  as  necessary,  but  in 
general  every  2-4  hours,  to  maintain  liquid  volume  equiva- 
lent to  FRC.  The  fill  volume  is  confirmed  by  observing  a  menis- 
cus within  the  endotracheal  tube  at  end-expiration  during  tran- 
sient ventilator  disconnection.  In  some  patients,  however,  gas 
exchange,  tidal  volume,  and  hemodynamics  are  optimal  at  a 
dose  less  than  that  necessary  to  fill  to  FRC.  It  is  important  to 
monitor  tidal  volume  during  dosing — a  significant  decrease 
in  tidal  volume  indicates  that  dosing  should  be  stopped  until 
peripheral  distribution  of  the  pertluorocarbon  with  alveolar 
recruitment  causes  an  improvement  in  compliance.  Exami- 
nation of  pressure-volume  curves  during  liquid  ventilation 
reveals  a  hydrostatic  effect  during  early  inspiration,  which 
we  have  referred  to  as  "the  beak.'"  This  hydrostatic  effect  is 
only  observed  when  pertluorocarbon  tills  the  central  airways 
at  end-expiration  and.  therefore,  indicates  that  the  lungs  are 
filled  to,  or  near  to,  FRC.  Figure  6  shows  the  beak  after  dos- 
ing with  10  mL/kg  pertluorocarbon  in  an  adult  patient.  The 
beak  disappears  during  the  ensuing  60  minutes  as  the  major- 
ity of  the  pertluorocarbon  evaporates  and/or  distributes  into 
regions  of  the  lungs  that  were  previously  atelectatic  or  con- 
solidated.'- During  initial  and  subsequent  dosing,  the  pres- 
ence of  the  beak  can  be  used  to  indicate  that  the  lungs  are  filled 
with  pertluorocarbon  to  a  volume  approaching  FRC. 

In  Summary 

The  technique  of  liquid  ventilation  is  at  an  eariv  stage  in 
its  evolution.  There  is  much  to  be  learned  regarding  optimal 
dosing,  positioning,  ventilator  settings,  and  overall  technique. 
However,  the  ability  to  effectively  recruit  alv eoli  and  to  improve 
piilmoiKirv  function  and  gas  exchange  through  the  use  of  per- 


fluorocarbon  presents  an  exciting  intervention  with  the  promise 
of  enhancing  our  ability  to  effectively  manage  patients  vv  ith 
respiratory  failure. 
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Introduction 

I  am  humbled  and  flattered  to  have  been  invited  to  con- 
tribute to  the  Program  Committee  Lecture  Series.  In  the  past. 
these  papers  have  provided  important  insights  into  the  con- 
tinued growth  and  development  of  the  respiratory  care  pro- 
fession. Respiratory  care  has  been  good  for  me  both  pro- 
fessionally and  personally  for  nearly  25  years.  I  have  made 
scores  of  friendships  and  developed  many  professional  rela- 
tionships. 1  cannot  imagine  anything  1  would  rather  do  than 
practice  respiratory  care.  With  a  personal  in\estment  of  neaiK 
25  years  and  with  20  more  years  before  retirement,  1  defi- 
nitely want  the  respiratory  care  profession  not  only  to  sur- 
vive, but  also  to  prosper.  As  others  have  done  with  previous 
Program  Committee  Lectures,'- 1  develop  my  suggestions 
for  things  that  we  should  all  be  doing  to  ensure  the  survival 
of  the  profession. 

As  a  profession,  respiratory  care  has  had  an  impressive 
growth  over  the  past  40  years.  From  its  humble  beginnings — 
literally  in  the  basement  of  many  hospitals — respirator}'  ther- 
apists have  evolved  from  on-the -job-trained  technicians  to 
fonnally  educated  and  licensed  bedside  practitioners.  Today's 
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respiratory  therapist  is  not  only  a  technologist  but  also  a  skilled 
clinician  and  a  physiologist  as  well.  Under  the  umbrella  of 
medical-staff-approved  protocols,  respiratory  therapists  in 
many  hospitals  iinplement  and  monitor  respiratory  care  plans 
for  acutely  ill  patients.  Unlike  20  years  ago,  most  textbooks 
used  in  respiratory  care  programs  today  are  written  by  res- 
piratory therapists.  Respiratory  therapists  have  also  become 
in\'olved  in  establishment  of  the  scientific  basis  for  respiratory 
care  and  publication  in  the  peer-reviewed  literature. 

Health-care  dolhirs  were  relatively  plentiful  during  the  for- 
mative years  of  the  profession,  allowing  expansion  of  the  roles 
and  responsibilities  of  therapists  with  little  concern  for  the 
cost  of  the  care  provided  by  these  skilled  individuals.  In  most 
hospitals  in  the  United  States,  unlike  most  other  countries, 
respiratory  ciire  is  administered  primarily  by  respiratory  ther- 
apists. Health-care  dollars  are  no  longer  plentiful.  Prospec- 
ti\  e  payment,  managed  care,  capitation,  and  other  programs 
are  used  increasingly  to  limit  health-care  costs.  Considera- 
tion of  charges,  which  once  generated  revenue,  has  been 
replaced  by  ctmcem  for  costs.  In  fact,  there  is  little  relationship 
between  costs  and  charges.'  When  revenue  is  fixed  by  prospec- 
ti\'e  payment  progr;ims.  increased  costs  c;ui  no  longer  be  passed 
along  to  the  consumer  as  increased  charges. 

Why  Does  U.S.  Health  Care  Cost  So  Much? 

It  has  almost  become  trite  to  say  that  health  care  in  Amer- 
ica is  expensive.  The  rate  of  grow  th  of  health-care  expendi- 
tures since  1970  has  been  1 1.6%/year,  whereas  the  rate  of 
growth  of  the  gross  national  product  (GNP)  has  been 
8.8'7f/year.''  Health-care  providers  have  been  spending  about 
19c  after  inflation  for  new  technology,  increased  illness  sever- 
ity, and  quality  improvements.'*  Health-care  accounts  for  about 
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15%  of  the  GNP.  In  other  words,  the  nation  spends  about  one 
dollar  of  every  six  to  provide  health  care.^'^ 

Most  health  care  in  the  United  States  is  financed  hy  third- 
party  payers,  with  little  out-of-pocket  expense  to  the  patient. 
Thus,  patients  have  little  financial  incentive  to  refuse  any 
medical  procedure.  As  a  result,  the  cost  of  pro\iding  care 
has  been  dn\en  by  supply  and  not  by  demand.  Until  recently, 
third-party  payers  provided  payment  for  all  care  that  was 
deemed  necessary  and  appropriate  by  the  health-care  pro- 
vider. In  other  words,  the  more  care  that  was  provided,  the 
greater  the  payment  received.  It  has  been  estimated  that  the 
rate  of  growth  in  the  cost  of  health  care  would  be  lower  if 
patients  had  paid  a  greater  percentage  of  the  cost  of  that  care 
themselves  (Table  1),'* 

Table  1.      Health  Care's  Share  of  the  Gross  National  Product  (GNP)  for 
Different  Levels  of  Third-Party  Payment  (Data  are  from 
Reference  7) 


Third-Party 
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Much  of  the  cost  of  health  care  for  the  elderly  is  provided 
by  Medicare.  As  has  been  increasingly  recognized  over  the 
past  20  years.  Medicare  in  its  current  form  is  unsustainable 
for  three  reasons — demographics,  technology,  and  third- 
party  payment.-^  In  the  next  30  years,  the  proportion  of  Amer- 
icans over  the  age  of  65  will  increase  from  13%  to  more 
than  20%  of  the  population,  and  the  number  of  persons  over 
the  age  of  70  will  double.  The  fastest  growing  segment  of 
the  population  are  those  over  85  years  of  age.'*  The  older 
patients  become,  the  more  expensive  is  the  health  care  that 
they  consume.  The  same  technologies  that  have  extended 
life  expectancy  and  the  quality  of  life  have  also  increased 
the  cost  of  health  care.  It  is  not  surprising  that  patients  tend 
to  consume  more  health-care  ser\  ices  if  someone  else  is  bear- 
ing the  cost.*  ■* 

In  spite  of  the  high  cost  of  health  care  in  America,  crit- 
ics are  asking  increasingly  whether  we  are  getting  our 
money's  worth.  About  15%  of  the  population — 45  million 
people — are  not  covered  by  a  health  insurance  plan.''  The 
principal  tenets  of  health  refonn  proposals  ha\  e  concentrated 
on  cost  and  access;  in  other  words,  health  care  in  America 
is  too  expensive  and  is  not  equally  accessible  to  all  citizens. 
Further,  the  emphasis  of  health  care  in  America  has  been 
on  acute  care  rather  than  preventive  medicine.  As  a  society, 
we  smoke  too  much,  eat  too  much,  drink  too  much,  and  exer- 
cise too  little — behaviors  that  result  in  disorders,  such  as  car- 
diopulmonary diseases,  that  are  expensive  to  treat  in  acute 
care  hospitals. 


Re-Engineering,  Downsizing,  & 
the  Search  for  Excellence 

Third-party  payers  (insurance  companies  and  the  gov- 
emment)  are  demanding  lower  costs  for  providing  health  care. 
This  movement  began  v\hen  the  Federal  Go\emment  intro- 
duced diagnosis-related  groups  (DRGsl  in  the  early  1980s 
in  an  attempt  to  control  Medicare  costs.  Today  the  insurance 
industry  is  attempting  to  control  costs  with  managed  care 
programs  designed  to  focus  care  on  primary  care  providers, 
to  avoid  hospital  admissions,  and  to  shorten  the  length  of  stay 
when  hospitalization  cannot  be  avoided.'"  '^  There  is  cur- 
rently intense  emphasis  on  transforming  health-care  financ- 
ing. Systems  are  emerging  that  improve  quaUty.  lower  costs, 
and  enhance  patient  satisfaction,  and,  therefore,  greatly  affect 
the  role  of  ail  health  professionals  in  delivering  care.'' 

One  of  the  most  visible  transformations  occurring  in  health 
care  is  so-called  downsizing.  Hospitals  are  closing,  merg- 
ing, and  shrinking.  At  the  Massachusetts  General  Hospital, 
the  average  daily  census  is  projected  to  decrease  from  about 
825  in  1992  to  625  in  1996.  By  the  Year  2000.  it  has  been 
projected  that  as  many  as  half  of  the  nation's  hospitals  will 
close,  with  loss  of  perhaps  60%  of  hospital  beds.  Further,  a 
surplus  of  more  than  100,000  physicians  and  more  than 
200,000  nurses  is  projected.''  These  changes  in  health-care 
delivery  are  truly  revolutionary. 

Not  only  is  health  care  downsizing,  but  it  is  being  re-engi- 
neered."' '^  Re-engineering  is  defined  as  "...the  fundamen- 
tal rethinking  and  radical  redesign  of  business  processes  to 
achieve  dramatic  improvements  in  critical,  contemporary  mea- 
sures of  performance,  such  as  cost,  quality,  service,  and 
speed.""*  The  delivery  of  health  care  in  the  United  States  is 
being  radically  redesigned.  Survival  requires  an  understanding 
of  the  principal  dri\ing  factors  of  this  fundamental  and  rad- 
ical redesign  of  health-care  delivery — cost,  access,  quality, 
and  patient  satisfaction.  Unlike  any  other  time  in  the  history 
of  our  profession,  the  quality  and  cost  of  respiratory  care  is 
in  question — respiratory  care  is  at  a  crossroads! 

Nearly  1 5  years  ago,  Tom  Peters  suggested  "eight  basic 
principles  to  stay  on  top  of  the  heap  "  in  his  popular  book.  In 
Search  Of  Excellence.''^  I  beUeve  it  is  important  for  us  to  con- 
sider these  as  tools  for  professional  survival. 

•  A  bias  for  action.  Get  involved  and  stay  involved.  Be  part 
of  the  solution  and  not  the  problem.  Do  not  sit  back  and 
let  others  decide  your  future.  Do  not  hide  from  difficult 
decisions. 

•  Staying  close  to  the  patient.  Never  loose  sight  of  the  fact 
that  our  most  important  responsibility  is  to  provide  qual- 
ity patient  care.  Be  an  advocate  for  the  highest  quality  of 
patient  care. 

•  Aiiiononiy  and  entrepreneiirship.  Think  independently.  Have 
a  passion  for  the  respiratory  care  profession.  Show  own- 
ership for  the  patient  care  that  you  provide. 
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•  Productivity  through  people.  Develop  an  essential  inter- 
dependence with  other  health-care  pro\'iders  at  the  bedside. 

•  Hands-on  value-driven.  We  must  all  (managers  included) 
stay  close  to  our  values  as  a  profession — c|uality.  science- 
based  patient  care  provided  at  the  lowest  possible  cost. 

•  Stick  to  the  knitting.  Although  we  must  become  multi- 
skilled,  we  must  also  remember  what  has  made  us  suc- 
cessful as  respiratory  therapists — a  blend  of  technologist, 
clinician,  and  physiologist.  As  we  broaden  our  scope,  we 
must  be  careful  not  to  move  too  far  from  our  roots  in  res- 
piratory care. 

•  Simple  form,  lean  .staff.  As  respiratory  care  profession- 
als, we  must  add  value  without  redundancy  at  the  bedside. 
We  must  eliminate  'make-work"  tasks  that  have  ques- 
tionable value  or  lack  a  scientific  basis.  Our  respiratory 
care  departments  should  be  leiin.  with  a  minimum  of  super- 
visory levels. 

•  Simultaneous  loose-tight  properties.  We  must  show  the 
right  blend  of  tough  and  gentle.  We  should  strive  to  be 
tough-minded,  but  gentle-hearted  in  our  dealings  with  oth- 
ers at  the  bedside. 

Do  We  Need  Respiratory  Care  Departments? 

Respiratory  care  departments  aie  no  longer  revenue-gen- 
erating and  have  become  cost  centers.  As  such,  the  finan- 
cial impact  of  a  specialized  department  of  respiratory  ther- 
apists has  become  increasingly  scrutinized.  A  respiratory 
care  department  adds  to  the  expense  of  middle  managers — 
department  directors,  assistant  directors,  and  supervisors. 
It  is  recognized  that  many  respiratory  care  procedures  have 
been  performed  in  the  past  by  clinicians  other  than  respi- 
ratory therapists,  and  some  are  currently  performed  by  oth- 
ers in  many  hospitals.  In  some  hospitals,  respiratory  care  is 
unfortunately  not  viewed  as  a  profession.  There  is  the  image 
of  the  respiratory  therapist  of  the  l%()s  and  early  197()s  who 
was  U-ained  on  the  job,  had  a  task  orientation,  and  contributed 
little  at  the  bedside  beyond  performance  of  low-level  tasks. 
In  an  effort  to  control  costs,  the  contribution  of  respiratory 
therapists  to  health-care  delivery  has  become  increasingly 
examined.  Unfortunately,  respiratory  therapists  and  respi- 
ratory care  departments  ha\c  been  eliminated  fritm  some  hos- 
pitals (Fig.  1 ). 

Respiratory  care  is  here  to  stay.  Aerosol  therapy,  chest  phys- 
iotherapy, pulmonary  function  testing,  and  mechanical  ven- 
tilation will  continue  to  be  part  of  the  care  of  patients  with 
pulmonary  disease.  However,  respiratory  care  as  a  profession 
is  at  a  crossroads.  Does  respiratory  care  need  to  be  pro\  idcd 
by  respiratoiy  tlierapists  ?  What  is  the  future  of  respiraton  ther- 
apists? Are  we  evolving  as  a  profession  or  are  we  doomed  to 
extinction'.'  What  can  we  do  to  assure  our  sun  i\  al '.'  How  does 
respiratory  therapy  fit  into  this  era  of  inanaged  care,  restnac- 
turing,  and  patient-focused  care? 

1  believe  that  a  respiratory  care  depariment  is  necessary 


No  Change 

-^ 


No  RTs 


Fewer  Procedures 
Protocols 
Transfer  Tasks 


Decentralized  Deparlmenl 
RT  Reports  to  Nursing 


Fewer  Managers 

Fig.  1 .  The  wide  spectrum  of  effects  of  fiospitai  restructuring  on 
respiratory  care. 


to  maintain  the  culture  of  respiratory  care  within  the  hospi- 
tal. When  the  respiratory  care  department  is  decentralized, 
the  level  of  respiratory  care  provided  does  not  improve  beyond 
its  level  at  the  time  of  decentralization.  Continuing  respira- 
tory care  education  essentially  stops,  as  does  continuous  qual- 
ity improvement.  When  respiratory  therapists  no  longer  report 
to  a  central  department,  they  stop  talking  with  one  another, 
and  they  no  longer  function  as  a  learning  organization.'"  Per- 
haps most  important,  decentralization  of  the  respiratory  c;u-e 
department  is  not  efficient.  For  the  same  level  of  care,  more 
resources  (personnel  and  equipment)  may  be  necessary  for 
a  decentralized  department  than  a  central  department  that  can 
shift  resources  according  to  need.  I  strongly  believe  that  decen- 
tralization of  the  respiratory  care  department  is  not  good  for 
resource  management,  the  qualits  of  respiratory  care,  or 
employee  satisfaction. 

Although  1  beliese  that  a  respiratory  care  department  is 
important  within  a  hospital.  1  do  not  belie\e  that  we  need 
Ihc  numbers  of  managers  and  supers  isois  that  are  present 
in  many  departments.  For  a  staff  of  skilled  and  mature  pro- 
fessionals, managers  and  supervisors  should  not  be  needed 
in  the  traditional  sense.-'  --  Managers  are  not  needed  to  pre- 
pare the  schedule,  to  prepare  the  payix)ll,  or  to  conduct  per- 
formance evaluations.  Teams  of  therapists  should  be  able 
to  work  together  to  prepare  their  ow  n  schedules  and  to  con- 
duct peer  pertbrmance  e\  aluaiions.  Further,  therapists  can 
rotate  the  responsibilit\  of  team-leader  or  charge-therapist. 
The  reason  that  respiialors  care  department  managers  are 
needed  is  not  for  people-management.  Rather,  the  role  of  the 
manager  is  to  pro\  ide  leadership — professional,  academic, 
clinical,  and  administrative.  An  important  role  of  the  res- 
piratory care  department  manager  is  persuading  upper-level 
hospital  administrators  that  the  contributions  (financial  and 
otherwise)  of  the  department  to  the  institution  are  valuable.-' 
I'o  do  this  effecti\ely.  managers  must  slay  close  to  the  cus- 
lomer — patients,  therapists,  physicians,  nurses,  and  iither 
health-care  professionals. 
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Keys  to  Survival 

I  believe  that  we  can  do  many  things  not  only  to  survive, 
but  also  to  cause  the  respiratory  care  profession  to  evolve.  Allow 
me  to  share  some  of  my  opinions  regarding  issues  that  I  believe 
are  important  for  survival  of  the  respiratory  care  profession 
(Table  2). 

Table  2.      Important  Issues  for  the  Sur\  ival  of  Respirator\'  Therapy. 

•  Add  value  at  the  bedside 

•  Mo\'e  away  from  being  solely  task  oriented 

•  Develop  and  maintain  high-level  skills 

•  Demonstrate  flexibility 

•  Maintain  a  patient  focus 

•  Provide  professional  leadership  at  the  bedside 

•  Contribute  to  efforts  to  control  health-care  costs 

•  Develop  an  interdependence  with  other  professionals  at  the  bedside 

•  Expand  the  use  of  guidelines  and  protocols  approved  by  the  medical 
staff 

•  Upgrade  the  educational  level  of  the  profession 

•  E,\pand  knowledge  base  through  continuing  education 

•  Become  involved  on  hospital  committees,  in  professional 
organizations,  and  in  the  community 

•  Work  effectively  as  teams  within  the  respiratory  care  department,  the 
hospital,  and  the  health-care  delivery  system 

•  Support  the  professional  organizations  that  represent  respiratory  care 

.Adding  Value 

As  respiratory  therapists,  we  must  always  approach  the 
bedside  with  something  unique  to  contribute.  We  must  demon- 
strate that  quality  of  care  suffers  without  our  involvement. 
We  iU'e  the  only  clinicians  at  the  bedside  with  a  strong  back- 
ground in  technology  and  physiology  (Fig.  2).  Therefore,  we 
must  demonstrate  that  we  are  the  critical  interface  betueen 
the  patient  and  the  technology.  We  must  be  reminded  that  we 
do  not  perform  ventilator  checks,  but  rather  patient- ventilator 
assessments.  We  do  not  perform  nebuli/er  treatments,  but 
rather  patient  treatments.  Due  to  the  misallocation  of  respi- 
ratory care  services  that  commonly  occurs,  we  also  add  value 
because  we  serve  as  gatekeepers.-^-''  In  other  words,  part  of 
our  responsibility  is  to  police  the  allocation  of  resources.  We 
have  a  responsibility  to  our  patients  to  interact  with  their  physi- 
cians to  assure  that  the  most  appropriate  care  is  provided — 
even  though  that  sometimes  means  that  no  respiratory  care 
is  needed.  It  has  been  demonstrated  that  respiratory  therapists' 
interactions  with  physicians  can  significantly  reduce  the  num- 
ber of  inappropriate  respiratory  care  treatments.-^  Such  inter- 
actions add  value  and  lower  costs!  Much  of  the  valuable  role 
of  the  respiratory  therapist  at  the  bedside  is  to  serve  as  a  tech- 
nical and  clinical  consultant. 

Avoiding  Task  Orientation 

Unfortunately,  many  respiratory  therapists  are  task-oriented. 
In  many  hospitals,  respirator)'  therapists  visit  the  patient  inter- 


Fig.  2.  The  evolving  role  of  the  respiratory  therapist. 


mittently  to  perform  a  task — eg.  chest  physiotherapy,  venti- 
lator check,  arterial  puncture,  or  nebulizer  treatment.  The  ques- 
tion is  increasingly  asked.  Why  not  allow  clinicians  who  are 
already  present  at  the  bedside  (eg.  nursing  staff)  to  perform 
these  tasks?  I  believe  that  we  must  accept  the  reality  that  some 
low-level  tasks  (eg.  incentive  spirometry)  can  be  performed 
in  a  cost-effective  manner  by  persons  who  are  not  respiratoi^ 
therapists.  But  we  need  also  to  demonstrate  that  the  respira- 
tory therapist  brings  much  more  to  the  bedside  than  the  abil- 
ity to  perfomi  tasks.  Respiratoiy  therapy  in\'olves  patient  assess- 
ment and  interaction  with  physicians  to  assure  that  the  best 
therapies  are  prescribed — much  more  than  simply  perform- 
ing a  task.  If  respiratoiy  therapy  is  limited  to  the  perfomiance 
of  tasks,  then  the  skills  to  perform  those  tasks  can  be  assumed 
by  others.  The  challenge  to  all  of  us  is  to  demonstrate  that  res- 
piratory care  invokes  much  more  than  task  perfoimance.  This 
adds  value  to  the  role  of  the  respiratory  therapist. 

It  is  also  inipoilant  to  recognize  that  there  are  some  tasks 
that  are  performed  better  by  respiratory  therapists  than  other 
health-care  providers.  Several  studies  have  shown  that  res- 
piratory therapists  are  more  knowledgeable  than  physicians 
or  nurses  in  the  correct  use  of  metered  dose  inhalers  (Fig. 
3)  ;s-3i)  J,  would,  therefore,  make  sense  for  respiratory  ther- 
apists to  instruct  patients  in  the  use  of  an  inhaler.  Although 
It  may  be  foolish  to  e.xpect  that  all  respiratoiy  care  will  be 
administered  by  respiratory  therapists,  it  is  important  for  res- 
piratory therapists  to  use  their  knowledge  to  educate  others 
who  administer  respiratory  care.  Because  of  their  education 
and  training  in  respiratory  care."  respiratoiy  therapists  can 
add  value  at  the  bedside  by  teaching  such  simple  things  as 
oxygen  therapy  and  pulse  oximetry — both  commonly  used 
but  not  always  well  understood  or  appropriately  provided  by 
nurses  and  physicians. ■'-■^"' 

Developing  High-Level  Skills 

Although  respiratory  therapists  should  avoid  a  task  ori- 
entation, it  is  important  that  we  develop,  maintain  and  expand 
the  high-le\  el  tasks  that  we  can  provide.  It  makes  little  sense 
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Fig.  3.  Comparison  of  the  ability  of  various  medical  personnel  to 
correctly  teach  patients  to  use  metered  dose  inhalers.  The  y-axis 
represents  the  percent  of  each  group  to  correctly  teach  the  steps 
involved  in  the  use  of  an  inhaler.  Data  are  from  Reference  29. 


to  have  a  respiratoiy  therapist  provide  everv'  incentive  spiroin- 
etry  treatment,  but  it  mai<es  a  lot  of  sense  to  train  respiratory 
therapists  to  intubate,'-''-'"  insert  arterial  hnes,'"  perform  hemo- 
dynamic monitoring,'*-  perform  defibrillation  and  other  resus- 
citation procedures,^'-"*  and  maintain  extracoqioreal  life  sup- 
port systems.-'''^-''"  Although  we  should  not  limit  our  value  to 
the  skills  we  provide,  we  can  add  \  alue  by  our  ability  to  per- 
form high-level  tasks. 

Flexibility  &  Accepting  New  Roles 

Those  therapists  who  are  flexible  and  willing  to  accept 
new  roles  will  survive.  This  is  not  a  time  to  say.  It's  not  my 
job.  It's  time  to  say,  I  want  to  do  that,  I  can  do  that,  and  I  will 
do  that.  We  must  recapture  the  entrepreneurial  spirit  that  made 
arterial  blood-gas  analysis  and  chest  physiotherapy  a  part  of 
respiratory  therapy  nn)re  than  20  yeiirs  ago.  We  must  re-engi- 
neer our  thinking  and  our  actions.  The  way  that  many  of  us 
have  thought  of  our  roles  in  the  past  is  no  longer  effective. 
We  must  think  in  cost-effective,  value-added,  and  patient- 
first  terms.  We  must  be  change  agents,  and  not  individuals 
who  oppose  change.  As  a  profession,  we  must  become  more 
involved  in  activities  designed  to  avoid  hospital  admissions 
and  to  shorten  hospital  stays  when  they  occur.  This  means 
employment  in  sites  such  as  subacute  care  and  home  care."-- 
It  also  means  greater  invoK  ement  in  preventive  and  primary 
care,  such  as  asthma  education. '''''' 

Maintaining  Our  Focus  on  the  Patient 

Although  we  might  not  agree  with  some  of  the  models  used 
to  achieve  this  objective,''"'''  we  must  all  agree  that  patient- 
focused  care  is  necessary  and  important.  We  must  re-engi- 


neer our  thinking  to  put  the  patient  first  in  every  clinical  and 
administrative  decision  we  make.  Our  every  action  should  be 
selected  with  consideration  of  how  it  affects  the  patient.  The 
health-care-delivery  system  exists  because  of  the  patients  it 
serves.  We  place  ourselves  in  a  precarious  position  v\hen  our 
actions  are  governed  by  what  is  convenient  for  the  therapist 
rather  than  what  is  best  for  the  patient.  It  makes  sense  to  re- 
organize the  respiratory  care  department  to  assure  continu- 
ity of  respiratory  care.  This  involves  limiting  the  number  of 
therapists  who  see  a  given  patient  and  enhancing  the  thera- 
pist's skills  so  that  the  best  care  is  rendered  to  meet  the  needs 
of  that  patient.  This  also  places  the  therapist  in  a  position  to 
become  a  dynamic  part  of  the  patient-care  team. 

Providing  Clinical  Leadership 

We  must  assume  leadership  in  clinical  issues  at  the  bed- 
side. We  must  provide  the  clinical  leadership  for  respiratory 
ciire  including  patient  assessment  and  development  of  the  care 
plan  in  addition  to  administering  the  therapy.  We  must  be  inore 
than  the  task  provider.  We  must  be  experts  on  patient  man- 
agement strategies,  such  as  permissive  hypercapnia,''- ''''  pre- 
vention of  ventilator-associated  acute  lung  injui^.''^-^-  and  non- 
invasive positive-pressure  ventilation.^'^''  We  should  be  able 
to  speak  fluently  about  high-frequency  oscillation^'"^  and  extra- 
coiporeal  oxygenation  and  carbon  dioxide  removal.'"-'"-'*  We 
should  be  at  the  forefront  of  emerging  technologies  such  as 
inhaled  nitric  oxide,'"'  liquid  ventilation,**"  ''^''  and  tracheal  gas 
insufflation.'*'  '^^  We  should  be  promoting  patient  care  based 
upon  our  knowledge  of  the  evidence  (ie,  scientific  literature) 
and  not  because  "We  always  do  it  that  way"  or  "...because 
that's  what  the  doctor  ordered. "'*^^'' 

Reducing  Cost  without  Compromising  Quality 

All  of  us  must  participate  in  the  efforts  to  reduce  costs  with- 
out compromising  quality.  We  should  be  looking  for  ways 
to  work  smarter.  We  add  value  when  we  provide  leadership 
in  this  area.  We  need  to  look  around  ourselves  and  question 
costly  practices  that  may  no  longer  make  sense.  Do  we  need 
to  routinely  change  ventilator  circuits?''"'''-  Can  we  use  pas- 
sive humidification  instead  of  heated  humidifiers  in  mechan- 
ically ventilated  patients?'"''''  How  often  do  we  need  to  per- 
form patient-ventilator  system  checks?  Can  we  substitute 
metered  dose  inhalers  for  nebulizers  (Fig.  4)?''* '"  Can  we  use 
a  postoperati\e  oxygen  therapy  protocol  to  decrease  the  costs 
associated  with  the  use  of  pulse  oximetry  and  oxygen  ther- 
apy (Figure  5)?'^* 

Recognizing  Interdependence  with  other  Clinicians 

We  must  become  interdependent  with  other  clinicians — 
particularly  physicians  and  nurses  (Fig.  6).'^  Interdependence 
is  a  characteristic  of  effective  people.'""  Much  of  the  deliv- 
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Fig.  4.  Cost  (■)  and  time  (□)  savings  per  month  before  and  after 
initiation  of  a  program  to  authorize  respiratory  therapists  to  substi- 
tute metered  dose  inhalers  (MDI)  for  nebulizers  in  hospitalized 
patients.  Data  are  from  Reference  34. 
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Fig.  5.  Cost  comparison  for  standard  practice  (Group  1 ,  n  =  20. 8H ) 
and  for  use  of  an  oxygen  administration  protocol  (Group  2,  n  =  20, 
□  ).  Data  are  from  Reference  98. 
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Fig.  6.  The  interdependence  required  of  professional  health-care 
providers  at  the  bedside  to  deliver  optimal  patient  care. 


ery  of  health  care  is  collaborative."""^  and  we  must  create 
the  expectation  that  we  are  always  present  and  that  we  con- 
tribute an  irreplaceable  value  by  our  presence.  We  cannot  wait 
to  be  called — the  call  may  never  come.  We  must  anticipate 
the  need  so  that  the  call  is  never  necessary.  Over  the  past  40 
years,  respiratory  therapists  have  enjoyed  a  very  special  rela- 
tionship with  ph)  sicians.  We  must  continue  to  strengthen  our 
relationships  with  physicians  so  that  they  will  view  us  as  nec- 
essary colleagues  and  allies  at  the  bedside. 

Adopting  Valid  Guidelines  &  Protocols 

Respiratorv  care  protocols  hav  e  become  the  respiratory  care 
"buzz  word"  of  the  1990s  and  have  been  the  subject  of  numer- 
ous reports  in  this  JournaF™- "'■'"=  and  others.'"""  Medi- 
cal staff  approved  protocols  allow  therapists  to  determine  what 
care  is  appropriate  for  a  patient  and  to  modify  or  discontinue 
that  care  as  appropriate.  Protocols  extend  the  skills  of  the  ther- 
apist beyond  providing  tasks — to  assessment  and  de\elop- 
ment  of  respiratory  care  plans.  Well-written  protocols  are  flex- 
ible guidelines  that  adapt  to  the  needs  of  specific  patients.  Tliey 
are  more  like  "assess-and-treat"  or  "consult"  services  than  suict 
protocols,  per  se.  The  AARC  Clinical  Practice  Guidelines' " 
have  been  used  in  many  institutions  to  develop  protocols. 
Because  the  Clinical  Practice  Guidelines  are  literature-based, 
using  the  Guidelines  to  develop  respiratory  care  protocols 
results  in  protocols  that  are  scientifically  based. 

Another  buzz  word  of  the  1990s  is  "critical  pathways'."* 
Unlike  respiratory  care  protocols,  critical  pathways  are  de- 
signed to  be  nuiltidisciplinary .  Critical  pathways  were  intro- 
duced into  health  care  in  the  1980s  as  a  method  of  improv- 
ing hospital  efficiency.  Specific  goals  of  pathways  include 
selecting  the  best  practice,  defining  standards  for  hospital  stay 
and  for  the  use  of  treatments  and  diagnostic  tests,  examin- 
ing the  interrelationships  between  different  aspects  of  the  care 
plan  to  avoid  redundancies,  providing  a  common  plan  of  care 
for  all  care  pro\iders.  decreasing  the  amount  of  documen- 
tation, and  improving  patient  satisfaction.  Critical  pathways 
are  being  developed  in  many  hospitals,  and  respiratory  ther- 
apists should  be  involved  in  the  development  of  pathways 
related  to  respiratory  care.  Although  critical  pathways  are  pro- 
liferating, their  impact  on  patient  care  and  health-care  costs 
remains  to  be  determined. 

Increasing  Our  Educational  Level 

The  appropriate  education  level  for  respiratory  therapists 
has  been  debated  for  many  years."'''-"  With  the  move  away 
from  a  task  orientation  to  that  of  assessment  and  care-plan 
management,  we  must  ask  ourselves  whether  a  1 -year  entry 
level  is  appropriate.  It  seems  to  me  that  the  skills  necessary 
for  respiratory  therapists  today  and  in  the  future  require  an 
educational  program  that  teaches  assessment  and  imple- 
mentation of  care  plans  in  addition  to  skills  training.  I  have 
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a  stront'  belief  that  maturity  develops  with  a  liberal  arts  edu- 
cation and  scientific  reasoning  develops  with  a  basic  sciences 
education.  Such  maturity  and  reasoning  skills  cannot  be 
achieved  in  a  I -year  proL'ram.  Regardless  of  the  entry-level, 
all  of  us  must  continue  oiw  lormal  education.  The  higher  the 
education  level  of  our  profession,  the  greater  will  be  the  respect 
that  we  engender  from  others. 

Participating  in  Continuing  Education 

We  must  do  everything  we  can  to  expand  our  knowledge 
because  knowledge  is  fKiwer.  Expanding  our  knowledge  means 
reading  journals  and  attending  educational  conferences.  A  rel- 
atively new  source  of  know  ledge  is  the  Internet.'-'  '-'*Tlie  res- 
piratory care  and  critical  care  newsgroups  on  the  Internet  are 
accessible  to  anyone  with  a  coinputer  and  a  modem  and  allow 
anyone  in  the  world  to  discuss  issues  of  interest. 

We  must  also  contribute  to  the  scientific  basis  of  respi- 
ratory care.  Only  in  that  way  will  we  be  viewed  as  true  pro- 
fessionals. We  must  be  lluent  in  the  cunent  literature  affect- 
ing respiratory  care  and  be  able  to  discuss  it  with  the  health-care 
delivery  team.  This  is  another  example  of  how  respiratory 
therapists  add  value  beyond  their  ability  to  peifonn  tasks.  We 
shouki  read  not  only  RESPIRATORY  CARE,  but  other  related 
journals  such  as  Chesl.  American  Joiinuil  of  Rcspimtoiy  and 
Crilical  Care  Medicine.  Critical  Care  Medicine.  Anesthe- 
sioloi^y.  and  Pediatric  PiilnKniology. 

Becoming  Involved  in  the  Community 

There  is  much  we  can  do  within  the  community  to 
strengthen  the  image  of  respiratory  therapists.  For  example, 
we  can  teach  resuscitation  courses,  work  with  the  American 
Lung  Association  and  the  American  Heart  Association,  and 
help  with  asthma  camps  and  asthma  education  programs.  Even 
within  our  iiuli\  idual  hospitals,  we  can  volunteer  to  partic- 
ipate in  professional  committees  throughout  the  hospital.  All 
of  these  activities  help  define  our  professional  image.  Our 
involvement,  tliroughout  the  hospital  and  within  the  community, 
projects  the  image  that  we  are  professionals  who  are  capa- 
ble of  doing  nK)re  than  'giving  treatments.' 

Developing  Teamwork  &  Accepting  Empowerment 

Teamwork  and  empowerment  are  two  more  buzz  words 
of  the  1  '-)'^){)s.  We  must  learn  to  work  together  as  teams  of  res- 
piratory therapists  (respiratory  care  department  I  and  teams 
of  health-care  providers  (therapists,  physicians,  nurses).  We 
must  make  effective  contributions  to  the  health-care  deliv- 
ery team.  Because  many  respiratory  care  departments  now 
have  fewer  managers  and  supervisors,  staff  respiratory  ther- 
apists are  given  responsibilities  beyond  those  of  the  traditional 
staff  therapist  of  the  past — they  are  empowered.  With  this 
responsibility  and  empowerment  comes  accountability .  This 


forces  staff  therapists  to  become  professionals,  with  an 
expanded  locus  beyond  the  tasks  that  are  assigned. 

Supporting  Our  Professional  Organization 

We  must  support  our  professional  organization  (ie,  the 
AARC).  It  is  important  for  respiratory  therapists  to  have  a  pas- 
sion for  their  pix)fcssion.  and  one  way  that  can  be  demonstrated 
is  by  membership  in  the  professional  organization,  both  locally 
and  nationally.  Supporting  the  credentialing  process  is  also 
important  (ie.  the  National  Board  for  Respiratory  Care 
INBRC]).  Although  the  importance  of  licensure  should  not 
be  underrated,  the  goal  of  every  respiratory  therapist  should 
be  to  become  a  registered  respiratory  therapist. 

Hope  for  the  Euture 

I  believe  we  can  survive  as  a  profession.  However,  to  avoid 
extinction  we  must  guard  against  apathy,  anger,  and  absence. 
Rather  than  being  apathetic  about  our  role,  we  must  aggres- 
sively defend  and  expand  the  contributions  of  the  respiratory 
therapist.  We  must  have  a  passion  for  the  profession.  Rather 
than  being  angry  about  changes  in  health-care  delivery,  we 
must  offer  positive  solutions  that  emphasize  the  contributions 
of  the  respiratory  therapist.  We  must  be  change  agents — not 
defenders  of  the  status  quo.  Finally,  we  cannot  afford  to  be 
absent  from  the  bedside.  We  must  make  a  contribution  at  the 
bedside  that  demonstrates  the  value  of  the  respiratory  ther- 
apist in  everything  we  do. 

Let's  join  together  to  demonstrate  to  the  world  that  respira- 
tory therapists  are  a  bargain — we  provide  high-quality  care 
at  a  reasonable  cost.  We  use  "high-tech"  equipment  (venti- 
lators, extracorporeal  membrane  oxygenators),  we  perform 
all  traditional  respiratory  care  procedures  (aerosol  adininis- 
tration,  chest  physiotherapy,  arterial  blood-gas  analysis),  we 
peiform  advanced  procedures  (intubation,  hemodynamic  mon- 
itoring, arterial  catheter  insertion),  and  we  implement  anil  man- 
age mechanical  ventilation  strategics  (including  weaning).  Fur- 
ther, we  are  available  24  h/day  every  day  of  the  year,  and  we 
cost  less  than  most  other  licensed  health-care  professionals. 

...you'd  belter  slurl  swimiiiiiig  or  uiu'll  sink  like  a 
stone,  for  the  limes  they  are  a-changin  . . . 

Bob  Dylan 
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Right  Paratracheal  Density  in  an  Asymptomatic  Patient 

Luis  Teba  MD  and  N  l.eRoy  Lapp  MD 


Case  Summary 

A  45-year-old  white  man  was  referred  to  our  pulmonary 
clinic  for  evaluation  of  a  right  p;uatracheal  mass  found  on  his 
chest  radiograph  taken  during  the  annual  health  surveillance 
at  his  work  place,  a  steel  mill.  The  mass  was  reported  as 
enlargement  of  the  lymph  nodes.  Re-evaluation  of  chest  raditv 
graphs  dating  back  5  years  disclosed  no  abnormality. 

The  patient  had  no  health  complaints  and  denied  cough, 
dyspnea,  chest  pain,  fever,  chills,  fatigue,  night  sweats,  weak- 
ness, weight  or  appetite  changes,  skin  rash,  or  problems  with 
vision.  He  also  denied  any  history  of  back  injur>'  or  back  pain. 

He  had  been  diagnosed  with  non-insulin  dependent  dia- 
betes mellitus  4  years  earlier  and  was  being  treated  with  gly- 
buride  (Micronase' )  20  mg/day.  He  had  sustained  a  fracture 
of  the  right  clavicle  with  no  pulmonary  injury  as  the  conse- 
quence of  a  motor  vehicle  accident  2  years  prior  to  admission. 
He  denied  past  exposure  to  tuberculosis  and  had  no  history 
of  up|X.T  respiratory'  problems,  thyroid  disease,  or  maligrnuicies. 
He  did  not  recall  previous  skin  testing  for  tuberculosis  (puri- 
fied protein  derivative,  or  PPD). 

The  patient  has  been  working  at  the  steel  mill  for  22  years 
with  heavy  exposure  to  graphite  and  dust.  He  has  a  25  pack- 
year  history  of  cigarette  smoking. 


Physical  examination  disclosed  normal  vital  signs  and  no 
skin  lesions,  clubbing,  or  cyanosis.  The  conjunctivae  and 
lacriinal  glands  were  normal.  Palpation  of  the  neck  revealed 
no  enlargement  of  the  thyroid  or  lymph  nodes.  Examination 
of  the  chest  demonsU"ated  a  moderate  protuberance  at  the  mid- 
dle of  the  right  clavicle.  Chest  excursion  was  normal,  and  aus- 
cultation revealed  no  stridor,  wheezes,  or  crackles.  No  cra- 
nial nerve  deficits  or  muscle  weakness  could  be  detected. 
Laboratory  studies  revealed  a  hemoglobin  level  of  14..^  g/dL. 
a  v\ hite  blood  cell  count  of  7.3  x  lO'YL  with  normal  differ- 
ential, and  platelet  count  199  x  10''/L. 

Skin  tests  with  PPD.  Candida,  and  mumps  antigens  were 
nonreactive.  Posteroanterior  (PA)  and  lateral  chest  radiographs 
are  shown  in  Figure  I. 


Dr  Teha  is  Professor  of  Medicine  &  Anesthesiology  and  Dr  Lapp  is  Pro- 
fessor of  Medicine.  West  Virginia  University  Health  Sciences  Center. 
Departmenl  of  Medicine.  Section  of  Pulmonary  and  Critical  Care  Medi- 
cine. Morgantown.  West  Virginia. 

Reprints:  l.uis  Teba  MD.  Department  of  Medicine.  Section  of  Pulmonary 
&  Critical  Care  Medicine.  West  Virginia  University  HSC.  Morgantown 
WV  26506. 


How  would  you  answer  these  questions? 

What  abnormalities  are  present  in  Figure  I  ? 


What  diagnoses  should  be  considered,  given  the  history,  physical  exam,  and  laboralor\  and  radiographic  findings? 


What  other  diagnostic  procedures  do  you  suggest? 


Answers  and  Discussion  on  Page  546 
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Fig.  1.  Chest  radiograph  showing 
enlargement  of  the  paratracheal  area 
and  degenerative  changes  in  the  dorsal 
spine  (arrows). 
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Radiographic  Findings.  PA  chest  radiographs  show  enlarge- 
ment in  the  right  paratracheal  area.  The  lung  parenchyma  is 
free  of  masses  or  infiltrate.  The  lateral  view  reveals  degen- 
erative changes  in  the  mid-to-lower  dorsal  spine. 

Differential  Diagnosis.  Abnonmalities  of  any  anatomic  struc- 
tures of  the  mediastinum  may  present  as  a  mediastinal  den- 
sity on  the  chest  radiograph.'  The  configuration  of  the  media- 
stinum can  be  affected  by  many  disorders,  many  of  which  are 
benign  processes  that  originate  in  the  mediastinum,  whereas 
others  are  metastatic  lesions.-  Mediastinal  abnormalities  may 
be  found  incidentally  on  conventional  chest  films  (ie,  plain 
films).  In  the  asymptomatic  patient,  many  of  these  disorders 
are  benign;  however,  approximately  half  of  symptom-caus- 
ing mediastinal  densities  are  due  to  malign;int  processes.  Symp- 
toms arising  from  mediastinal  masses  are  usually  due  to  com- 
pression or  invasion  of  adjacent  intrathoracic  sliiictures.  Cough. 
dyspnea,  dysphagia,  and  chest  pain  are  the  most  frequent  mani- 
festations.^ In  rare  instances,  a  paraneoplastic  syndrome  may 
be  observed  in  the  patient  with  a  mediastinal  tumor. ^ 

Tumors  of  the  mediastinum  have  long  been  grouped  accord- 
ing to  the  anatomic  location  into  either  the  anterior,  middle, 
or  posterior  compartment.  Tlie  location  of  a  density  in  the  ante- 
rior compartment  gives  rise  to  the  possibility  of  its  being  caused 
by  one  of  the  so-called  LT  conditions  (ie.  lymphomas,  ter- 
atomas, thymomas,  and  thyroid  tumor).  In  addition,  benign 
and  malignant  vascular  tumors,  including  cavernous  heman- 
giomas can  also  distort  the  normal  mediastinal  configuration.^ 

The  hear!,  the  trachea,  the  pulmonary  hila,  and  important 
groups  of  lymph  nodes  are  located  in  the  middle  mediasti- 
nal compailment.  Pathologic  processes  affecting  these  stmc- 
tures  could  appear  as  mediastinal  masses  on  plain  chest  tllms. 

Neural  tumors  and  pathologic  processes  of  the  esophagus, 
descending  aorta,  paravertebral  lymph  nodes,  and  vertebral 
bodies  are  some  of  the  conditions  found  in  the  pe)sterit)r  medi- 
astinum that  could  potentially  be  seen  as  paratracheal  den- 
sities on  the  chest  radiograph. 

Occupational  exposure  to  graphite  and  other  "dust,"  impor- 
tant in  our  patient's  history,  can  cau.se  mediastinal  changes 
similar  to  those  seen  in  silicosis  and  coal  workers"  pneumo- 
coniosis (CWP).  However,  by  the  time  enlarged  mediastinal 
nodes  are  observed  parenchymal  pulmonary  changes  are  usu- 
ally already  present.'' 

Course  of  Action.  Testing  revealed  that  the  patient's  serum 
angiotensin  converting  enzyme  (ACE)  level  was  83  U/L  (nor- 
mal 20-60  U/L).  A  computerized  tomography  of  the  thorax 
was  obtained  (Fig.  2).  It  reveals  osteophytes,  or  "spurs."  that 
extend  along  the  thoracic  spine  and  are  most  prominent  in  the 
upper-right  thoracic  spine.  No  paratracheal  adenopathy,  pul- 
monar\  nodules,  or  mediastinal  masses  are  seen. 

Diagnosis.  Diagnosis  of  diffuse  idiopatliic  skeletal  hyperostosis 
was  established.  Paratracheal  projection  of  the  vertebral  spur 


Fig.  2.  A  'foot-up'  computerized  tomogram  revealing  osteophyte 
formation  In  thie  spine  (arrow). 


was  the  cause  for  the  "paratracheal  density"  obser\  ed  on  the 
plain  chest  radiograph. 

Discussion 

The  presence  of  a  unilateral  paratracheal  density  should 
alert  one  to  the  possibility  of  conditions  including  tubercu- 
losis, fungal  infections,  lymphoma,  bronchogenic  carcinoma, 
and  metastatic  disease.  Although  not  typical,  isolated  right 
paratracheal  adenopathy  has  been  described  in  some  cases 
of  sarcoidosis.^** 

Diffuse  idiopathic  skeletal  hyperostosis  (DISH),  charac- 
terized by  marked  osteophytosis  and  spur  fomiation,  has  been 
described  under  different  names.'' '"  DISH  affects  the  verte- 
bral column  most  commonly,  with  the  initial  involvement  by 
spur  formation  of  the  anterior  and  lateral  aspect.  The  right  side 
e)f  the  thoracic  spine  is  involved  more  often  than  the  left.  In 
patients  with  long-standing  disease,  extensive  extraspinal 
involvement  may  also  be  seen.  DISH  is  usually  reported  in 
middle-aged  and  elderly  persons,  with  a  male  preponderance. 
The  majority  of  patients  are  asymptomatic.  There  are  no  spe- 
cific or  consistent  laboratory  abnormalities  and  etiology  and 
pathogenesis  of  DISH  is  still  unknown.  A  strong  association 
of  this  disease  with  diabetes  mellitus  has  been  established, 
and  abnormal  glucose  tolerance  has  been  reported  in  a  high 
[•)ercentage  (up  to  409f )  of  patients  with  DISH.'"-  Hyperostosis 
is  also  commonly  seen  in  patients  with  sickle-cell  disease  and 
may  involve  the  vertebral  bodies  causing  a  ""DISH-like"  syn- 
drome in  some  patients."  In  patients  with  DISH,  the  antero- 
lateral spur  formation  may  appeiu'  on  the  PA  chest  radiograph 
as  a  bilateral  or  unilateral  piu-atracheal  lymphadenopathy  as 
it  was  reported  in  our  patient. 

Sarcoidosis  is  a  multisystem  granulomatous  disorder  of 
unknown  etiology.'''  A  significant  percentage  of  patients  with 
sarcoidosis  are  asymptomatic,  with  the  disease  being  detected 
during  radiographic  screening  for  other  unrelated  puiposes. 
■Although  sarcoidosis  presents  most  frequently  with  bilateral 
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symmetrical  enlargement  of  the  hilar  nodes,  the  presence  of 
right  paratracheal  adenopathy  has  been  described  in  some 
series.''-*  Angiotensin-converting  enzyme  (ACE)  is  usually 
increased  in  sarcoidosis,  however.  ACE  elevation  has  also  been 
reported  in  other  conditions  mimicking  s;ircoidosis  and  in  dia- 
betes mellitus." 

In  our  patient,  the  right  paratracheal  shadowing  seen  on 
the  PA  chest  radiograph  was  mistaken  tor  right  paratracheal- 
lymph-node  enlargement.  In  the  absence  of  symptoms,  the 
elevation  of  the  serum  level  of  ACE  and  the  absence  of  skin 
testing  reactivity  were  initially  suspected  to  represent  sar- 
coidosis. Later  the  radiographic  findings  were  explained  by 
the  vertebral  hyperostosis  and  the  mild  increase  in  ACE  from 
his  diabetes. 

Diagnostic  workup  of  mediastinal  abnormalities  may 
require  tissue  biopsy:  however,  before  one  rushes  to  surgical 
excision  and  tissue  diagnosis,  the  patient's  overall  clinical 
condition  should  be  evaluated.  A  search  for  extrathoracic 
lymph  nodes  or  other  extrathoracic  manifestation  of  the  pro- 
cess may  provide  sufficient  information  to  establish  the  eti- 
ology of  the  mediastinal  abnormality.  In  addition,  exami- 
nation of  old  radiographs,  when  available,  may  demonstrate 
that  the  mediastinal  anomaly  in  question  is  old  and  not  pro- 
gressing. Careful  assessment  of  lateral  views  may  disclose 
the  location  and  nature  of  the  mediastinal  density  seen  on 
plain  radiographs. 

If,  despite  the  described  approach,  the  etiology  of  the  medi- 
astinal density  is  still  uncertain,  then  diagnostic  workup  should 
proceed  with  computed  tomographic  (CT)  imaging  with  con- 
trast or  magnetic  resonance  imaging.  These  techniques  can 
supply  additional  infomiation  about  mass  size,  location,  den- 
sity, homogeneity,  and  involvement  of  contiguous  structures. 
Furthermore,  some  recent  publications  suggest  that  PET 
(positron  emission  tomography)  imaging  may  be  an  excel- 
lent tool  for  detemiining  whether  intiathoracic  lesions  are  malig- 
nant in  origin."' 

In  order  to  establish  a  definitive  diagnosis,  histologic  exam- 
ination of  tissues  from  the  lesion  may  still  be  required  in  a 
large  number  of  patients  with  mediastinal  densities.  In  many 
instances,  mediastinal  tissue  can  be  obtained  by  CT  or  bron- 
choscopy-guided  needle  biopsy,  mediastinoscopy,  and  pleu- 
roscopy,  without  the  need  for  open  thoracotomy. 

We  suggest  that  diffuse  idiopathic  skeletal  hyperosto- 
sis always  be  considered  in  the  differential  diagnosis  of  appar- 


ent paratracheal  shadowing.  If  we  had  assumed  that  the 
patient  had  sarcoidosis  and  had  not  opted  to  pursue  a  CT 
study  of  the  chest,  the  real  nature  of  the  radiographic  abnor- 
mality would  not  have  been  established.  The  unresolved  diag- 
nosis would  have  required  serial  follow-up  radiographic 
examinations,  perhaps  biopsy,  and  a  patient  li\  ing  in  fear 
of  sarcoidosis. 

REFERENCES 

1 .  Heitzman  ER.  General  radiologic  considerations.  Heitzman  ER.  edi- 
tor. The  mediastinum.  Heidelberg:  Springer- Verlag,  1988:7-20. 

2.  Pierson  DJ.  Disorders  of  the  mediastinum.  Murray  JF.  Nadel  J  A.  edi- 
tors. Textbook  of  respiratory  medicine.  Philadelphia:  WB  Saunders 
Company.  1994:2235-2249. 

3.  Shields  TW.  Primary  mediastinal  tumors  and  cysts  and  their  diag- 
nostic investigation.  Shields  TW.  editor.  Mediastinal  surgery.  Philadel- 
phia: Lea  &  Febiger,  199 1 : 1 1 1  - 1 1 7. 

4.  Morgenthaler  TI.  Brown  LR,  Colby  TV.  Harper  CM  Jr.  Coles  DT. 
Thymoma.  Mayo  Clin  Proc  1993;  6S(  1 1 1: 1 1 10-1 123. 

5.  Cohen  AJ.  Chamberlain  DW.  McKnealey  MF.  Weisbrod  GL.  Ante- 
rior mediastinal  mass.  Chest  1993;I03(5):  1577-1578. 

6.  Levy  SA.  Occupational  reactions  to  other  occupational  dust  and  fumes. 
In:  Occupational  medicine.  De Young  L.  editor.  St  Louis:  Mosby, 
1994:194-195, 

7.  Bein  ME.  Putnian  CE,  McLoud  TC,  Mmk  JH.  A  reevaluation  of 
intrathoracic  lymphadenopathy  in  sarcoidosis.  Am  J  Roentgenol 
I978;13I|3):409-4I5. 

8.  Rockoff  SD.  Rohatgi  PK.  Unusual  manifestations  of  thoracic  sar- 
coidosis. Am  J  Roentgenol  1985;l44(3):5l3-528. 

9.  Resnick  D,  Niwayama  G.  Diffuse  idiopathic  skeletal  hyperostosis 
(DISH):  ankylosis  hyperostosis  of  Forestier  and  Rostes-Querol.  In: 
Diagnosis  of  bone  and  joint  disorders.  Resnick  D,  Niwayama  G,  edi- 
tors. Philadelphia:  WB  Saunders  Company,  1981:1417-1452. 

10.  Edeiken  J.  Dalinka  M.  Karasick  D.  Arthritides.  In:  Edeiken's  roent- 
gen diagnosis  of  disea.ses  of  bone,  Grayson  T.  ed.  Baltimore:  Williams 
&  Wilkins.  1990:743-744. 

1 1 .  Cassim  B,  Mody  GM.  Rubin  DL.  Tlie  pre\  alence  of  diffuse  idiopathic 
skeletal  hyperostosis  in  Afncan  Blacks.  Br  J  Rheumatol  1990:29(2): 
131-132. 

12.  Di  Piazza  V,  Gussetti  P,  Cacitti  M.  Hyperostotic  spondylopathy  and 
diabetes  mellitus.  Minerva  Med  l992;83(5):255-260. 

13.  Timsit  MA,  Bardin  T.  Metabolic  ailhiopathies.  Curr  Opin  Rheuma- 
tol l994:f.(4):448-453. 

14.  Kolloff  RM.  Rossman  MD.  Sarcoidosis.  Immunol  Allergy  Clin  N 
Amer  1992;  12(2):421-449. 

15.  Allen  RK.  A  review  of  angiotensin  converting  enzyme  in  health  and 
disease.  Sarcoidosis  I99l;8(2):95-I()0. 

1 6.  Patz  EF,  Lowe  VJ,  Goodman  PC,  Herndon  J.  Thoracic  nodal  stag- 
ing with  PET  imaging  with  '"FDG  in  patients  with  bronchogenic  car- 
cinoma. Chest  1995;  108(6):  161 7- 1 621. 


RESPIRATORY  CARE  •  JUNE  "96  VOL  4 1  NO  6 


547 


Books,  Films, 
Tapes,  &  Software 


Listing  and  Reviews  of  Books  and  Other  Media 

Note  lo  publisliers:  Send  review  copies  ol  hooks,  films,  tapes,  and  soltware  to 
RhSPIRATORY  Care,  1 1030  Abies  Lane.  Dallas  TX  75229-4593. 


Entry-Level  Kxam  Review  for  Respira- 
tory Care:  Cluideline.s  for  Succe.ss,  by  WV 

Wojciechowski.  lllustraled.  332  pages.  Al- 
bany. NY:  Delmar.  1995.  $31.50.  .Advanced 
Practitioner  Kxam  Review  for  Respira- 
tory Care:  Guidelines  for  Success,  by  WV 
Wojciechowski.  Illustrated,  475  pages. 
Albany.  NY:  Delmar.  1995.  $39.95. 

Success  at  the  National  Board  for  Res- 
piratory Care's  (NBRC)  credentialing  exam- 
inations has  proved  to  be  an  ongoing  chal- 
lenge for  students  and  educators  alike.  For 
the  student  dealing  with  a  demanding  aca- 
demic and  clinical  .schedule  plus  work  and 
family  demands,  preparing  for  the  exams 
can  be  a  stressful  experience.  For  the  edu- 
cator who  must  deal  with  a  continually 
growing  body  of  knowledge  and  pressure 
to  decrease  numbers  of  credit  hours,  prepar- 
ing students  for  the  examinations  as  well  as 
imparting  other  important  knowledge  not 
covered  on  the  tests  (ie.  interpersonal  skills, 
ethics,  critical  thinking)  can  be  a  daunting 
effort.  The  instant  review  manuals  by  Woj- 
ciechow  ski  provide  a  useful  adjunct  for  stu- 
dents preparing  for  the  entrv  -level  and  writ- 
ten, advanced-practitioner  examinations. 

E;ich  text  is  similar  ui  fonnat.  Each  begins 
with  an  explanation  of  how  to  use  the  text. 
Included  in  this  section  is  background  infor- 
mation about  the  NBRC's  testing  luethods. 
a  reproduction  of  the  relevant  1993  exam- 
ination matrix,  and  a  description  of  item 
types.  Tlie  introductory  section  also  has  a  dis- 
cussion of  the  technique  for  taking  multiple- 
choice  and  true-false  examinations.  Tliis  par- 
ticukir  piece  would  be  useful  to  students  just 
beginning  their  respiratory  care  training 
because  they  will,  no  doubt,  be  taking  tests 
with  these  formats. 

hollow  ing  the  introduction  Is  a  chapter 
on  lest  preparation.  Several  important  top- 
ics in  addition  to  the  actual  preparation  for 
the  examinations  are  explored.  The  details 
of  the  application  procedure  are  reinforced; 
and  suggestions  tor  acti\  ities  the  day  before 
and  the  day  of  the  examination  are  shared 
in  the  entry-level  text. 

With  the  exception  of  brief  appendices 
(quick  reference  clinical  data  in  the  entry- 
level  and  advanced-practitioner  texts,  and 
waveform  interpretation  in  the  advanced- 
practitioner  text),  the  remainder  of  the  texts 


is  made  up  of  saiuple  test  items.  Each  sam- 
ple item  (645  in  the  entry-level  examina- 
tion and  750  in  the  advanced-practitioner 
test)  is  accompanied  by  its  own  detailed 
analysis  and  content  source  references.  Each 
item  is  also  referenced  to  its  place  in  the 
NBRC  examination  matrix,  allowing  test 
candidates  to  identify  weak  areas  for  more 
intensive  study.  All  areas  of  the  NBRC 
exam  matrices  are  well  represented  in  the 
sample  items. 

The  test  items  are  di\  ided  into  5  sections. 
There  is  a  pretest  and  posttest  w  ith  the  same 
number  of  items  to  be  enci)untered  in  the 
actual  examinations  (140  for  the  entry-level 
and  100  for  the  advanced-practitioner  exam- 
inations). Between  the  pretest  and  posttest 
are  3  sections  corresponding  to  the  3  major 
sections  of  the  NBRC  matrices:  clinic;il  data, 
equipment,  and  therapeutic  procedures — 
each  .section  containing  105  to  212  items.  As 
an  educator.  I  can  verify  that  the  more  sam- 
ple or  study  questions  1  prin  ide  m\  students, 
the  better  they  like  it.  The  number  of  ques- 
tions provided  in  these  texts  should  satisfy 
even  the  most  demanding  "question  junkie." 

These  review  texts  represent  a  useful 
addition  to  any  test  candidate's  study  arse- 
nal. They  are  easy  read  and  contain  a  wealth 
of  sample  items  and  a  liberal  number  of 
high-quality  figures,  diagrams,  and  tables. 
I  recommend  these  texts  lo  anyone  prepar- 
ing for  the  entry-level  or  advanced-practi- 
tioner respiratory  care  examinations. 

Randy  De  Kler  MS  RRT 

Cardiopulmonary  Care  Sciences 

Department 

Georgia  State  University 

Atlanta,  Georgia 

Equipment  Theory  for  Respiratory  Care, 

Second  Edition,  by  GC  White  MEd  RRT 
CPFT.  Hardcover.  666  pages,  illustrated. 
Albany.  NY:  Delmar  Publishers.  1996. 
$53.95. 

A  solid  understanding  of  respiratory  care 
equipment  is  essential  to  successful  prac- 
tice. This  book  is  intended  to  guide  respi- 
ratory care  students  to  a  thorough  under- 
standing of  this  equipiuent.  White,  who  is 
director  of  Clinical  Education  at  Spokane 
Community  College  in  Spokane.  Wash- 


ington, shows  an  understanding  ol  the  de- 
tail students  need  when  first  learning  new 
concepts.  In  his  instructions  to  the  student. 
White  gives  some  g(X)d  advice  by  suggesting 
that  students  read  the  introduction  and  think 
about  w  hat  it  means  belbre  proceeding.  The 
next  step  is  to  read  the  objectives  and  to 
rewrite  them  as  questions  to  be  answered 
as  the  text  is  read.  Readers  are  encouraged 
to  read  the  text  and  \  lew  the  text,  artwork, 
and  diagrams  together  to  see  the  whole  pre- 
.sentation.  Then,  students  should  follow  up 
with  laboratory  work  with  the  equipment. 
Finally,  he  suggests  rereading  the  objectives 
and  taking  the  self-assessment  quizzes.  If 
further  infonuation  is  required,  he  refers  stu- 
dents to  the  bibliography. 

The  book  is  relatively  easy  to  read  with 
language  as  simple  as  the  topic  permits. 
Chapter  layout  includes  an  introduction, 
objectives,  text,  and  a  self-assessment  quiz. 
The  quizzes  seem  complete  and  straight- 
forward. Whenever  foniiulas  are  presented, 
an  exaiuple  is  also  given.  The  diagrams  are 
crisp  and  easy  to  understand.  For  example, 
in  the  first  chapter.  White  explains  how  di- 
verging and  converging  ducts  differ  in  their 
effect  on  gas  flow.  Because  the  concept  is 
shown  visually,  it  is  easy  to  understand. 

Most  chapters  begin  with  a  lie  view  of  the 
physics  principles  used  in  that  chapter.  I  think 
this  vv  ill  help  students  relate  specific  equip- 
ment function  to  general  principles.  The  re- 
view is  followed  with  descriptions  of  the 
equipment  covered.  For  each  piece  of  equip- 
ment discussed,  a  detailed  description  of 
assembly  and  troubleshooting,  in  a  sep;irate 
box,  is  presented  followed  by  a  trouble- 
shooting algoritlim.  For  an  experienced  prac- 
titioner, the  algorithms  may  appear  overly 
detailed  and  cumbersome.  To  the  inexperi- 
enced student.  howe\er.  lliey  prciv  ide  a  guide 
through  the  thought  processes  necessary  to 
solve  the  problems  of  the  sometimes  com- 
plex tools  of  ouru-ade.  Forexainple.  t)ie  algo- 
rithm for  determining  if  an  oxygen  delivery 
device  is  working  seems  overiy  complex.  On 
the  other  hand,  the  flow  charts  for  the  inter- 
mittent positive-pressure  breathing  (IPPB) 
machines  looks  useful.  These  algorithms  do 
have  the  potential  for  teaching  problem-solv- 
ing and  troubleshooting  skills  to  the  unini- 
tiated. I  am  concerned,  however,  that  students 
reared  on  these  alsorithms  may  be  unable  to 
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troubleshoot  a  new  piece  of  equipment « ith- 
out  them.  These  extensive  troubleshooting 
sections  also  inteirupt  the  flow  of  the  text  and 
make  reading  a  little  disjointed.  I  might  have 
placed  these  in  an  appendix  at  the  back  of  the 
book  or  at  the  end  of  the  chapter. 

Content  is  fairh  representative  and  com- 
plete. Chapter  1  thoroughly  covers  gas 
physics,  medical  gas  equipment,  and  gas 
deliverj'  equipment — including  piping  sys- 
tems, cylinders,  and  patient  equipment.  A 
separate  list  of  safety  rules  for  oxygen  cylin- 
ders is  easy  to  read  and  understand.  Also 
included  is  equipment  such  as  oxygen  con- 
centrators, demand  flow  devices,  liquid  oxy- 
gen systems,  oxygen  reservoir  systems  and 
the  transtracheal  oxygen  catheter  used  in  the 
hospital  and  in  home  care. 

Chapter  2  covers  humidity  and  aerosol 
therapy  equipment.  The  chapter  begins  with 
a  discussion  of  the  physics  and  principles 
involved  in  humidity  and  aerosol  therapy. 
This  includes  humidity  measurement,  evap- 
oration, humidity  deficit,  the  physical  char- 
acteristics of  aerosols  and  particles,  and  fac- 
tors that  influence  aerosol  deposition  in 
airways.  This  is  followed  by  a  review  of 
several  different  kinds  of  humidifiers,  such 
as  the  bubbler,  pass-over,  jet,  and  Cascade. 
Heat  and  moisture  exchangers  are  also 
included.  The  chapter  concludes  with  a 
review  of  nebulizers  including  both  small 
volume  nebulizers  designed  for  medication 
delivery,  metered  dose  inhalers  (MDls). 
spacing  devices  for  MDls.  and  large  vol- 
ume nebulizers. 

Chapter  .^  discusses  incentive  spirome- 
try and  IPPB  equipment.  White  includes  a 
brief  review  of  the  physics  involved  in  vol- 
ume measurement  and  gas  pressure  and  flow- 
regulation.  He  then  reviews  the  function  of 
several  brands  of  incentive  spirometers  and 
the  prominent  or  often  used  IPPB  machines: 
Bird  Mark  7. 7A.  and  8;  and  the  Puritan  Ben- 
nett PR-2  and  AP5.  The  chapter  ends  with 
a  review  of  intrapulmonarv'  percussive  ven- 
tilation and  other  chest  percussors. 

Emergency  resuscitation  equipment  is 
covered  in  Chapter  4.  After  a  review  of  the 
physics  involved,  specific  artificial  airways, 
manual  resuscitators.  cuff-pressure  meters 
and  suction  devices  are  described.  The  dia- 
grams in  this  chapter  are  clear,  especially 
those  showing  the  manual  resuscitators. 
There  are  also  diagrams  demonstrating 
proper  placement  of  the  oral  and  nasopha- 
ryngeal airways  and  the  endotracheal  tube. 
Chapter  5  is  dev  oted  to  physiologic  mea- 


surement and  monitoring  devices.  Included 
in  this  chapter  are  pulmonary  measurement 
devices  from  water-seal  spirometers  to  the 
body  plethysmograph  and  everything  in 
between.  This  is  followed  by  a  description 
of  oxygen  analyzers,  blood  gas  electrodes, 
transcutaneous  devices,  and  oxygen  satu- 
ration measurement.  The  chapter  ends  with 
a  section  on  end-tidal  CO:  monitoring. 

Mechanical  ventilation  is  discussed  in 
Chapter  6.  beginning  with  the  physics  and 
classification  system  of  ventilators.  White 
has  opted  to  use  Chatbum's  classification 
system.'  I  find  this  system  relativelv  straight- 
forward and  easy  to  understand.  White  dis- 
cusses each  variable  separately  in  this  chap- 
ter and  includes  a  chart  comparing  various 
breathing  patterns,  such  as  controlled  man- 
ual ventilation,  assist/control,  intermittent 
manual  ventilation,  synchronized  intennittent 
mandatory  ventilation  and  continuous  pos- 
itive airway  pressure,  in  terms  of  how  manda- 
tory and  spontaneous  breaths  are  initiated 
and  controlled.  I  think  this  chart  would  be 
helpful  to  students  trying  to  understand  the 
differences  in  various  modes. 

Chapters  7  through  1 0  focus  on  specific 
ventilators.  Each  v entilator  is  presented,  again, 
according  to  Chatbum's  classification  sys- 
tem. In  Chapter  7.  the  adult  acute  care  ven- 
tilators using  volume  as  a  control  variable  are 
discussed.  Chapter  8  presents  adult  acute  care 
ventilators  that  use  flow  and  pressure  as  con- 
trol variables.  Chapter  9  discusses  pediatric 
and  neonatal  ventilators,  and  Chapter  10  intro- 
duces home  care  and  transport  ventilators. 

This  equipment  book  is  as  complete  as 
any  1  have  .seen  in  the  last  few  years.  It  is  easy 
to  use  and  comprehensive  enough  to  cover 
at  least  2  and.  possibly  3  semesters  in  the 
average  respiratory  care  program.  This  is 
important  to  students  because  it  reduces  lxxik 
costs.  The  book  has  features  such  as  objec- 
tives and  a  postquiz  to  assist  the  student  in 
the  learning  process.  I  think  this  book  serves 
its  intended  purpose  well. 

Gretchen  Kenner  Riehl  MS  RRT 

Clinical  Coordinator 

Respiratory  Care  Program 

El  Centro  College 

Dallas.  Texas 
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Shortness  of  Breath:  A  Guide  to  Better 
Living  &  Breathing,  .^th  edition,  by  AL 
Ries.  KM  Moser.  PJ  Bullock.  TM  Limberg, 
R  Myers.  DE  Sassi-Dambron.  JB  Sheldon. 
Hardcover.  1 14  pages,  illustrated.  St  Louis: 
Mosby.  1995.  S9.95. 

This  is  a  self-help  book  written  to  edu- 
cate patients  with  chronic  lung  disease  espe- 
cially iiimed  at  patient's  with  chronic  obstruc- 
tive pulmon;irv  disease  (COPD).  It  is  wntten 
with  the  intent  of  educating  a  lav  patient  pop- 
ulation. From  this  point  of  view,  it  certainly 
meets  its  goals. 

There  are  numerous  self-help  books  on 
the  market  today  many  of  w  hich  are  aimed 
at  the  patient  with  asthma.  Several  of  those 
books  have  previously  been  reviewed  in  RES- 
PIR.ATORY  Care.  Such  books  have  been 
wntten  by  celebrities,  self-proclaimed  ex- 
perts, and  seasoned  professionals.  This  book 
has  multiple  authors  with  a  wide  range  of 
professional  backgrounds  and  credentials. 
As  this  is  the  fifth  edition  of  the  book,  it  has 
certainly  found  its  niche  in  the  marketplace. 
The  book's  19  chapters  explain  the  causes 
of  shortness  of  breath,  how  the  lungs  work, 
characteristics  of  various  lung  diseases,  how 
various  medications,  oxygen,  and  breathing 
equipment  work,  and  how  to  live  a  cleaner, 
happier  and  healthier  life. 

It  is  important  for  the  health-care  pro- 
fessional to  know  about  these  books  because 
many  of  our  patients  may  be  reading  them 
and  we  may  be  called  upon  to  comment  on 
their  content.  Of  equal  importance  is  the 
ability  of  the  respiratory  care  professional 
to  recommend  to  patients  specific  books  as 
being  superior. 

The  book  is  written  on  a  simple  level. 
In  some  cases,  the  simplicity  is  so  great  as 
to  cause  some  inaccuracies.  As  an  exam- 
ple, the  book  refers  to  oxygen  as  an  "Energy 
Source."  The  chapter  about  COPD  is  well 
written,  defines  other  illnesses,  and  dis- 
tinguishes chronic  bronchitis  from  emphy- 
sema and  asthma.  Although  it  may  have 
been  beyond  the  scope  of  the  book.  1  would 
have  liked  to  see  mention  of  the  National 
Heart,  Lung,  and  Blood  Institute's  Guide- 
lines on  the  treatinent  of  asthma,  if  only  as 
a  resource  some  patients  may  wish  to  con- 
sult. The  chapter  about  medication  explains 
the  difference  between  generics  and 
branded  pharmaceuficals.  and  the  chapter 
about  oxygen  and  aerosols  provides  valu- 
able information  on  oxygen  safety  as  well 
as  good  instruction  on  the  use  of  metered 
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dose  inhalers  (MDIs).  It  also  mentions 
spacers  but  does  not  provide  adequate 
information  on  how  to  use  them.  Tips  on 
exercise,  diet,  relaxation  techniques,  and 
belter  approaches  to  day-to-day  living  are 
also  given. 

Cartoon-like  illustrations  help  provide 
visual  instructions  in  every  chapter.  Some 
examples  are  a  cartoon  showing  the  tech- 
nique of  pursed  lip  breathing,  and  one  show- 
ing the  technique  of  diaphragmatic  breath- 


ing. The  flotation  technique  for  determin- 
ing when  an  MDI  is  empty,  a  common  ques- 
tion from  patients,  is  also  illustrated. 

This  is  a  good  book  for  patients  recently 
diagnosed  with  COPD  and  may  also  be 
useful  to  long-term  patients  seeking  edu- 
cation about  their  disease  or  as  a  refresher 
of  previously  learned  information.  Many 
professionals  will  find  this  book  too  sim- 
plistic. It  may  be  useful  lor  them  to  know 
of  its  existence  for  recommendation  lo 


patients.  Occasionally,  an  analogy  used  in 
this  book  may  be  adopted  by  some  pro- 
fessionals for  their  own  use  when  teach- 
ing patients. 

Philip  L  Schiffman  MD  FACP  FCCP 

Diplomate.  Pulmonars,  Critical  Care.  & 

Internal  Medicine 

Pulmonary  &  Intensive  Care  Specialists 

of  New  Jersey 

Hast  Brunsw  ick.  New  Jersey 


Understand. 

Adapt. 

Prosper! 
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Letters 


LiFECARE  Coordinator 
Objects  to  VVOB  Paper 

After  reading  the  article  by  Branson  and 
Davis'  "Worls  of  Breathing  hnposed  by  Five 
Ventilators  Used  for  Long-Term  Support 
. . .,"  I  have  several  issues  to  raise.  As  Life- 
care' s  Product  Coordinator  for  the  PLV- 
102. 1  have  a  keen  interest  in  this  topic. 

Besides  technical  information  that  is  in 
error  the  article  contains  broad  statements 
of  opinion.  An  example  of  one  such  state- 
ment is.  "The  TBird  VS  and  7200ae  venti- 
lators are  superior  to  the  home-care  venti- 
lators and  ha\e  a  low  work  of  breathing." 
While  the  two  mentioned  ventilators  do  have 
low  work  of  breathing,  they  are  not  superior 
to  home-care  ventilators  in  many  situations. 
At  publication,  the  TBird  VS  was  not  a\  ail- 
able  for  purchase,  so  its  actual  patient  per- 
fomiance  is  not  yet  known.  And.  the  7200ae 
would  have  trouble  keeping  up  with  a 
portable  \'entilator  out  in  a  parking  lot  or  on 
a  soccer  field  behind  a  w  heelchair.  e\  en  v\  ilh 
a  very  long  extension  cord. 

Another  sweeping  statement  is  "Wean- 
ing patients  in  the  subacute-care  environ- 
ment is  a  concern."  Yes.  it  is.  And.  more 
importantly,  how  to  wean  patients  is  a  con- 
cern as  well.  Historically-  and  again  more 
recently.'  T-piece  weaning  has  been  rec- 
ommended as  a  better  technique  than  wean- 
ing with  either  pressure  support  ventilation 
(PSV)  or  synchronized  intennittent  manda- 
tory ventilation  (SIMV).  This  would  cer- 
tainly obviate  issues  of  spontaneous  breath- 
ing in  SIMV. 

The  authors  seem  to  suggest  the  use  of 
the  TBird  VS  in  place  of  complicated  inten- 
sive care  unit  ventilators  for  long-term  care. 
But  the  goal  for  manufacturers  is  to  pro- 
duce ventilators  for  long-term  care  that  are 
even  less  complicaled  than  current  portable 
volume  ventilators.  Of  more  concern  is  that 
the  PLV-102  was  not  set  up  for  SIMV  as 
recommended  by  the  manufacturer.''  Kac- 
marek  et  al."  showed  that  the  use  of  an  H- 
valve  markedly  reduces  inspiratory  work 
of  breathing  to  0.009-0.053  J/L  with  pass- 
over  humidification  at  flows  from  20-60 
L/min.  LIFECARE  aggressively  teaches 
that  H-valves  should  be  used  to  decrease 
inspiratory  WOB  for  spontaneous  breaths 
in  SIMV. 


Many  PLV-  102s  are  in  use  in  subacute 
care  facilities  and  are  \ery  successfully  \'en- 
tilating  patients  in  control,  assist/control,  and 
SIMV  modes.  They  are  also  used  in  home 
care,  especially  willi  pediatric  patients  requir- 
ing PEEP.  SIMV  with  continuous  flow,  and 
supplemental  oxygen.  Clinicians  and  care- 
givers in  these  situations  find  the  PLV-102 
easy  to  work  with,  choosing  it  for  its  sim- 
plicity and  reliability. 

There  are  major  inaccuracies  in  the  PLV- 
102  product  description  and  specifications. 
The  PLV-102  is  microprocessor  controlled, 
not  electronically  controlled.  It  provides  the 
SIMV  mode,  delivering  machine  breaths 
synchronized  with  patient  inspiratory  effort 
and  allowing  spontaneous  breaths  at  oxy- 
gen concentrations  above  21%.  Maximum 
trigger  sensitivity  is  -0.2  to  -0.3  cm  H2O. 
Volume  range  is  50-3.000  mL  and  delix- 
ered  oxygen  fraction  can  range  from  0.21 
to  0.90.  LiFECARE's  company  name  and 
address  are  incorrect. 

In  summary.  I  am  concerned  with  both 
technical  infonnation  and  statements  within 
this  article.  I  encourage  authors  to  be  dili- 
gent in  assuring  accuracy  and  using  scien- 
tific deduction  in  technical  articles. 

Sarah  E  Riley  MPA  RRT 

Product  Coordinator 

Portable  Volume  Ventilators 

LIFECARE  International  Inc 

Westminster.  Colorado 
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Mr  Branson  responds: 

Ms  Riley  takes  issue  with  many  of  the 
points  in  our  paper.'  I  will  respond  to  those 
in  the  order  that  she  presented  them. 

"Broad  statements  of  opinion" — The  title 
of  our  paper.'  "Work  of  Breathing  Imposed 
by  Five  Ventilators  Used  for  Long-Term 
Support:  The  Eftects  of  PEEP  and  Simulated 
Patient  Demand."  reveals  that  we  compared 
the  imposed  work  of  breathing  between 
devices.  This  being  the  case,  the  statement, 
"The  T-Bird  VS  and  7200ae  ventilators  are 
superior  to  the  home  care  ventilators  and 
have  a  low  work  of  breathing"  is  true.  We 
did  not  compare  color  or  ability  to  be  used 
in  a  parking  lot.  It  is  interesting  to  note  that, 
whereas  the  LP  series  of  ventilators  has  been 
modified  based  on  the  findings  of  KacnKirek 
et  al.-  it  is  not  clear  that  the  PLV-102  has 
been  improved  in  this  regard. 

"How  to  wean  patients..." — Ms  Riley's 
comments  suggesting  T-piece  weaning  as 
the  preferred  method  of  weaning  are  some- 
what oversimplified  and.  perhaps,  incom- 
plete. Brochard  et  al'  published  a  similar 
study  looking  at  sicker  patients  who  required 
longer  periods  of  ventilatory  support  and 
found  that  pressure  support  ventilation  was 
superior  to  both  T-piece  and  IMV  wean- 
ing.(Tlie  length  of  stay  on  ventilators  in  the 
Esteban  study'  cited  by  Ms  Riley  was  less 
than  a  week.)  How  should  the  finding  of 
increased  work  load  on  inspiratory  muscles 
that  may  contribute  to  fatigue  affect  wean- 
ing choices'?  How  does  this  infonnation  fit 
into  the  crafting  of  a  rational  approach  to 
weaning  long-term  patients'? 

"Less  complicated  . . .  portable  volume 
ventilators" — With  respect  to  the  use  of  sim- 
pler ventilators  in  long-term  care,  we  agree 
with  Ms  Riley.  However,  if  she  will  return 
to  our  paper  she  will  note  that  our  concern 
is  related  to  the  burgeoning  subacute  care 
industry.  In  this  setting,  patients  with  seri- 
ous respiratory  pathology  are  requiring 
sophisticated  ventilatory  management. 
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We  agree  that  the  H-valve  system 
reduces  imposed  work.  It  is  also  an  exter- 
nal modification  requiring  additional  gas 
sources  that  increase  the  number  of  poten- 
tial ventilator  disconnections  and  possibly 
requires  the  use  of  a  blender — thus  increas- 
ing complexity  and  cost.  Such  problems 
seem  contradictory  to  Ms  Riley's  earlier 
comments.  Further,  if  for  purposes  of  a 
bench  or  clinical  study  we  modified  the 
PLV-102,  wouldn't  other  manufacturers  cry 
"Foul!"?  What  if  Puritan-Bennett  asked  us 
to  ct)ntrol  the  airway  pressure  at  the  distal 
tip  of  the  endotracheal  tube,  effectively  elim- 
inating tube  resistance?  The  PLV- 1 02  comes 
out  of  the  box  with  a  setting  for  SIMV.  If 
it  isn't  capable  of  providing  a  mode  with- 
out external  modification,  why  does  the 
labeling  remain  ' 

"PLV-l()2s  in  use  in  subacute  facili- 
ties"— I  believe  that  some  patients  in  sub- 
acute care  facilities  today  could  not  toler- 
ate the  imposed  work  of  breathing  created 
by  the  PLV-102. 1  do  agree,  however,  that 
stable  patients  and  those  requiring  long-term 
custodial  care  are  better  served  by  a  simpler, 
less  expensive  ventilator.  Those  patients  did 


not  provide  the  impetus  for  our  study.  In  fact, 
we  tiiink  tliat  m;trket  is  well  served.  It  is  those 
sicker  and  sicker  patients  landing  in  suba- 
cute care  as  a  consequence  of  health-care 
refomi  who  are  underscned.  As  st;ited  in  our 
paper,  those  patients  must  use  an  ICU  ven- 
tilator with  all  the  associated  cost,  size,  and 
complexity  or  risk  imposed  work  that  pre- 
cludes weaning. 

"Major  inaccuracies. .  .in  description  and 
specifications" — We  apologize  for  the  errors 
related  to  the  technical  description  of  the 
PLV-102. 

The  main  issue  remains  thai  in  the  face 
of  an  increased  work  of  breathing,  the  PLV- 
102  is  an  inappropriate  choice  for  sick 
patients  in  subacute  care. 

It  is  important  that  investigator-clinicians 
continue  to  make  recommendations  based 
on  the  results  of  scientific  inquiry. 

Richard  D  Branson  RRT 

Assistant  Professor 

Department  of  Surgery 

University  of  Cincinnati 

Medical  Center 

Cincinnati.  Ohio 
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Editor's  Note:  The  1995  Buyer's  Guide  Com- 
pany Directory  (AARC  Times  1995;19(8):54) 
pro\  ides  a  more  correct  address  for  the  manu- 
facturer of  the  PLV- 102.  The  1996  Guide  will 
appear  in  the  July  199(i  issue  o(  AARC  Times. 
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Missed  Opportunities 


President  Johnson  once  suggested  that  nian\  imponant  sci- 
entific discoveries  were  locked  up  in  scientific  laboratories 
and  that  the  time  had  come  to  unlock  these.  I  don"t  believe 
for  a  minute  that  LBJ  was  right.  Scientists  might  try  to  pub- 
lish prematurely  (and  sometimes  succeed)  but  it's  rare  to  find 
one  who  locks  up  his  discoveries  and  keeps  them  hidden  from 
the  scientific  public.  Nomial  behavior  of  scientists  is  to  make 
sure  their  obser\  ations  and  measurements  are  correct  and  then 
try  to  get  them  published  as  soon  as  humanh  possible  in  the 
most  widely  read  and  prestigious  journal  m  the  field. 

It  is  true,  however,  that  researchers  occasionally  make 
important  observations  but  don't  know  they've  made  them, 
or  have  all  the  information  needed  for  a  major  discovery  but 
don't  make  it.  There's  no  way  of  telling  how  often  it's  hap- 
pened and  to  whom  but  my  guess  is  that  it's  an  occunence 
that  few  confess  to:  maybe  more  would  after  a  few  drinks, 
but  rarely  in  writing.  I  call  them  "missed  opportunities." 

Sulfanilamide 

Probably  the  most  important  miss  here  was  the  two-time 
synthesis  of  sulfanilamide  before  it  was  discovered  a  third  time 
and  finally  put  to  clinical  use.  Sulfanilamide  was  first  prepared 
in  Vienna  in  1908  by  Paul  Gelmo,  then  working  for  his  doc- 
toral thesis.  At  about  the  same  time.  Hemrich  Horlein  (later 
to  become  director  of  the  medical  division  of  the  great  I.  G. 
Farbenindustrie)  went  to  work  with  the  Bayer  Works  and  cen- 
tered his  research  work  on  dyes.  Because  sulfanilamide  was 
an  easy  starting  point  on  which  to  construct  dyes  that  were 
particularly  color-fast  (presumably  because  of  the  tight  com- 
bination of  the  sulfanilamide  element  with  the  pioteins  of  wool 
and  silk),  he  began  with  several  dyes  formed  with  sultanil- 
amide  as  the  base.  Horlein  never  tested  sulfanilamide  for 
antibacterial  properties,  although  Paul  Ehrlich,  a  fellow  Ger- 
man, had  discovered  arsphenamine.  the  "magic  buUef '  against 
syphihs.  in  1909. 

The  second  synthesis  of  sulfanilamide  was  in  1915.  by 
Jacobs  and  Heidelberger  at  the  Rockefeller  Institute  for  Med- 


Reprinted  with  permissitm  of  the  American  Lung  Association,  from  Am 
RevRespirDis  1976:1 14:1  167-1174. 


ical  Research  in  New  York.  The>  decided  to  synthesize  and 
test  a  number  of  chemical  agents  in  the  hope  of  finding  one 
that  was  more  bactericidal  or  less  toxic  against  pneumococcal 
and  streptococcal  infections  than  oplochin  (an  early  but  now- 
forgotten  bactericidal  drug).  In  their  systematic  search  they 
prepared  para-aminobenzene  sulfonamide  (sulfanilamide), 
much  as  Gelmo  had  in  1908.  In  line  with  then-cunent  dogma, 
they  thought  that  in  order  to  fight  infection  in  vi\  o.  a  substance 
had  to  be  directU  lethal  to  bacteria,  and  they  didn't  think  that 
a  substance  as  chemically  simple  as  sulfanilamide  could  kill 
bacteria  directly. 

Heidelberger  wrote  in  1972  ( 1 ): 

Like  everyone  else  at  the  time,  Walter  Jacobs  and 
I  thought  that  a  substance  had  to  be  directly  bacterial 
in  order  to  be  useful  in  combating  bacterial  infections. 
We  had  been  successful  with  tiypaiiosomiasis  by  apply- 
ing Jacobs'  idea  of  changing  the  -OH  of-COOH  lo 
NH2.  as  -CONH2.  in  order  to  get  an  organic  arseni- 
cal past  tissue  barriers.  Accordingly,  when  we  tried  to 
get  something  better  than  optochin  against  pneumo- 
coccal and  streptococcal  infections,  we  started  first  with 
amides  and  then,  by  analogy,  went  on  to  -SO2NH:. 
The  possibility  that  any  substance  as  simple  as  sul- 
fanilamide could  cure  bacterial  infections  never  entered 
our  heads,  nor  did  our  microbiologist  even  ask  to  test 
it  [italics  added].  We  even  improved  Gelmo' s  method 
of  preparation  and  went  on  to  convert  sulfanilamide 
into  highly  bactericidal  substances  which  killed  infected 
mice  faster  than  the  infections  alone! 

As  slaves  to  an  idea,  we  missed  the  boat  in  1913. 
losing  the  chance  to  save  many  thousands  of  lives  and 
the  development  of  the  sulfonamides  was  delayed 
twenty  years. 


The  third  discovery  of  sulfanilamide  came  in  1932  when 
Klarer  and  Mietzsch.  chemists  at  I.  G.  Farbenindustrie.  syn- 
thesized a  red  dye.  "Prontosil."  which  three  years  later. 
Domagk,  a  German  who  won  the  1939  Nobel  Prize,  showed 
to  be  a  remarkable  antibacterial  agent  in  man.  However, 
Foumeaus  group  at  the  Pasteur  Institute  in  Paris  quickly  dis- 
covered that  the  active  component  of  the  red  dye  was  none 
other  than  sulfanilamide  first  used  by  Horlein  at  I.  G.  Far- 
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benindustrie  in  1909.  and  that  the  rest  of  the  compound  was 
totally  unnecessary. 

No  one  will  ever  know  whether  chemists  and  pharma- 
cologists at  I.  G.  Farbenindustrie  in  the  19.^()s  synthesized  and 
tested  sulfunilainidc  first  or  whether  they  tested  only  Pron- 
tosil  and  not  sulfanilamide.  The  facts  are  ( 1 )  that  Hcirlein  used 
and  patented  sulfanilamide  in  1909  (2a)  antl  that  by  the  1930s 
it  was  no  longer  repatcntable.  and  (2)  that  although  Kkirer  and 
Mietzsch  prepared  what  in  1932  proved  to  be  a  powerful 
antibacterial  agent  in  mice,  Domagk  did  not  publish  clinical 
data  until  193.'i.  The  suspicion  will  always  linger  that  I.  G. 
Farbenindustrie  re-discovered  and  tested  sulfanilamide  first 
and  spent  the  ne.xt  few  years  in  the  early  1930s  camouflag- 
ing ordinary  sulfa  into  a  new.  complex,  iuid  above  all.  patentable 
compound — the  red  dye.  Prontosil.  Horlein,  who  was  con- 
nected with  the  story  from  beginning  to  end.  never  told  any 
more  than  he  wrote  in  193.*i  (2b): 

Further  work  on  the  azo-compounds  by  our 
chemists  Mietzsch  and  Klarer  led  to  the  discovery  of 
bodies  with  an  incomparably  greater  action  on  bac- 
teria than  that  possessed  by  any  of  the  azo-compounds 
mentioned.  But  even  these  new  compounds  had  no 
effect  on  mice  infected  with  bacteria.  In  the  course  of 
our  investigations,  however.  Domagk  observed  a  cer- 
tain activity  on  the  part  of  azo-compounds  contain- 
ing sulphonamidc  in  the  streptococcal  sepsis  of  mice, 
thus  fumishing  an  important  starting  point  for  the  prepa- 
ration of  new  experimental  series. 

Azo-dyes  with  sulphonamidc  and  suhslilutcd  sulph- 
onamidc groups  were  first  prepared  by  me  in  collabo- 
ration with  Drcssel  and  Kothc.  twenty-five  years  ago. 
At  that  time  we  were  engaged  in  elaborating  dyes  for 
textile  purposes  which,  in  the  direct  dyeing  of  wools, 
would  possess  a  greater  degree  of  fastness  to  washing 
and  fulling  than  dyes  live  from  sulphonamiile.  while  pos- 
sessing the  same  degree  of  fastness  to  light  as  the  later 
dyes;  i.e.,  dyes  which  would  enter  into  a  more  intimate 
combination  with  the  protein-cells  of  the  wool  than  the 
dyes  free  from  siilphonamide. 

The  observation  of  Domagk  on  the  action  of  one 
of  these  dyes  on  streptococci  directed  our  subsequent 
work  into  a  new  channel.  Numerous  new  azo-dye-con- 
taining  sulphonamitles  were  prepared,  but  the  test  object 
was  no  longer  the  wool  fiber  but  the  mouse  infected 
with  streptococci. 

Artificial  Kidney 

This  is  a  special  case  of  interrelated  "missed  opportuni- 
ties." Abel,  Rowntree.  and  Turner  in  1914  (3)  published  their 
experiments  on  vividiffusion  in  living  animals  but  neither  they 
nor  anyone  else  seriously  and  successfully  applied  it  to  man 
until  1943  when  Kolff  did  it  in  German-occupied  Holland  (4). 
You  will  say  that  no  one  could  even  try  it  in  man  until  non- 
toxic anticoagulants  and  chemotherapeutic  agents  were  avail- 


able. But  Abel  and  associates  in  1913-14  used  hirudin  (that 
they  themselves  prepared  from  leeches).  McLean  published 
his  discovery  of  heparin  1916,  and  Best  (5)  noted  that  Schmidt 
had  prepared  a  material  similar  to  heparin  in  1892  (6)  and 
Doyon  again  in  1912(7). 

The  point  with  respect  to  anticoagulants  is  that  earlier  no 
one  saw  a  necessity  for  purifying  heparin  or  hirudin  to  per- 
mit the  iulificial  kidney  to  be  used  in  man  or.  if  clinicians  saw 
a  critical  need,  they  lacked  chemical  expertise  to  do  it  them- 
selves and  had  no  chemical  colleagues  or  pharmaceutical 
research  laboratories  to  turn  to.  Charles  Best,  in  retrospect, 
had  no  explanation  of  the  failure  to  purify  heparin  for  use  in 
vividiffusion  but  did  note  that  "after  heparin  became  a\  ail- 
able  many  people  stated  that  they  had  been  thinking  for  many 
years  of  its  use  in  cardiac  and  vascular  surgery"  (8). 

The  antibacterial  agents  needed  could  have  been  available 
in  1910  or  1917  had  it  not  been  for  missed  opportunities  in 
this  field  (see  above);  and  antibiotics  could  have  been  avail- 
able in  1930  if  Fleming  had  taken  his  observations  a  step  fur- 
ther (from  agar  plates  to  experimentally  infected  mice) — 
another  missed  opportunity. 

The  Carotid  Sinus  and 

Reflex  Control  of  the  Circulation 

Of  all  experiments  in  the  physiology  student  laboratory, 
the  one  most  certain  to  produce  dramatic  effects  is  the  demon- 
stration of  the  coratid  sinus  reflex.  One  can  clamp  both  com- 
mon luleries  below  their  bifurcation  and  see  an  immediate  rise 
in  blood  pressure  (which  does  not  occur  if  the  branches  are 
clamped  above  the  bifurcation)  or  one  can  increase  pressure 
in  the  extracranial  coratid  arteries  and  note  immediate  slow- 
ing of  the  heart  and  fall  in  blood  pressure. 

These  observations  date  back  at  least  to  1 836  when  Ast- 
ley  Cooper  noted  that  occlusion  of  the  common  carotid  iuler- 
ies  led  to  an  increase  in  blood  pressure;  he  attributed  it  to  the 
effects  of  intracranial  ischemia  (9).  .At  least  fi\e  physiologists 
between  1 838  ;md  1 88.*^  contimied  his  observ  ations  and  agreed 
with  his  explanation. 

Now  it  is  imp<irtant  to  note  that  in  1893  Bayliss  (10)  showed 
that  these  cardio\  ascular  changes  could  not  be  due  to  cere- 
bral ischemia  because  (xrclusion  of  both  common  carotid  arter- 
ies did  not  markedly  change  blood  flow  to  the  medulla  oblon- 
gata; the  vertebral  arteries  still  provided  adequate  blood  How 
to  this  region.  Leonard  Hill  also  presented  strong  evidence 
against  the  cerebral  ischemia  explanation  when,  in  1896.  he 
was  able  to  ligate  successively  b<.)th  common  carotids  and  both 
vertebnil  ;uleries  in  dogs  without  causing  any  abnormal  behav- 
ior in  the  animal  on  recovery  from  these  operations  (11);  this 
was  because  blood  still  flowed  through  the  fifth  artery  to  the 
brain,  the  anterior  spinal  artery.  Nevertheless.  Porter  and  Pratt 
still  reported  in  1908  (12)  that  raising  blood  pressure  in  the 
carotid  arteries  caused  slowing  of  the  heiul  by  affecting  blood 
pressure  in  the  medullary  centers.  And  in  the  same  year,  Eyster 
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and  Hooker  ( 13)  iirtitlcially  raised  hlood  pressure  in  the  earotid 
arteries  to  200  mm  Hg  and  recorded  a  marked  bradycardia 
and  iiypotension  (see  figure  la):  this  they  attributed  to  "a  direct 
effect  of  the  increased  blood  pressure  upon  the  c;udioinhibitory 
centre"  in  the  medulla.  Note  the  strong  resemblance  to  fig- 
ure lb  taken  from  a  paper  by  Hering  who  in  1923  at  last  dis- 
covered the  carotid  sinus,  its  nerve,  and  the  effect  of  stimu- 
lating the  nerve  endings  electrically  or  mechanically  (14). 


mMm{j}mim§ 


Fig.  1A.  Between  1  and  2,  Eyster  and  Hooker  raised  blood  pres- 
sure to  200  mm  Hg  In  the  common  carotid  arteries  of  a  dog  while 
they  recorded  a  decrease  In  blood  pressure  and  heart  rate  from 
another  artery. 


Fig.  IB.  During  the  period  indicated  by  the  signal  marker  (bottom 
line),  Hering  stimulated  the  right  carotid  sinus  nerve  of  a  dog;  the 
tracing  shows  an  immediate  fall  In  systemic  arterial  blood  pressure 
and  bradycardia. 


It  has  been  said:  ""We  see  what  we  look  for  and  we  look 
for  only  what  we  know,"  Eyster  and  Hooker  had  all  the  infor- 
mation needed  to  find  the  carotid  sinus  in  1908.  All  they  had 
to  do  was  to  look  an  inch  higher  in  the  neck  of  a  living  dog 
and  see  the  bulging,  pulsating  origin  of  the  internal  carotids, 
literally  enmeshed  in  nerve  fibers.  Anrep  and  Starling  still 
wrote  in  192?  "a  mechanical  rise  in  blood  pressure  in  the  brain 
inhibits  the  vasomotor  centre  and  stimulates  the  cardioin- 
hibitory  centre"  ( 15). 


Nitrous  Oxide,  Ether,  Local  Anesthesia 

Laughing  gas  parties  were  common  in  the  eariy  18(]()s  and 
Humphry  Davy,  who  repeatedly  inhaled  nitrous  oxide  in  his 
experiments  of  1799.  even  suggested  its  use  as  a  general  anes- 
thetic agent.  But  no  one  deliberately  gave  it  to  prevent  pain 
until  1 844 — 42  years  of  missed  opportunities  for  how  many 
physicians  (and  benefits  to  their  patients). 

Michael  Faraday  suggested  in  1818  that  ether  be  used  to 
prevent  surgical  pain,  and  ether  jabs  were  a  comnton  form  of 
social  entertainment  in  the  1 820s  and  1 840s:  but  no  one  gave 
it  deliberately  to  prevent  surgical  pain  until  1842. 

Carl  Roller,  a  young  intern  with  his  heart  .set  on  being  an 
t)phthalmologist,  discovered  in  1 884  that  cocaine  was  a  superb 
local  anesthetic  for  the  eye.  Yet  since  1860.  two  years  after 
the  chemist  Niemann  had  isolated  cocaine  from  Pemvian  coca 
leaves,  it  was  well  known  that  cocaine  taken  by  mouth  numbed 
the  tongue.  Roller's  biographer,  his  daughter  Hortense  Koller 
Becker,  wrote  (16): 

In  1862  Professor  Schroff  in  a  paper  read  before 
the  Viennese  Medical  Society,  pointed  out  that  cocaine 
numbed  the  tongue,  narrowed  the  peripheral  arteries, 
and  widened  the  pupils  by  its  action  via  the  bloodstream 
or  wlien  applied  kx-ally.  Nor  was  he  tlie  only  one  to  have 
experimented  upon  tlie  eye.  These  facts  were  commented 
upon  by  Mantegazza  in  1 859.  De  Maries  in  1 862.  the 
Spaniard  Moreno  y  Maiz  in  1 868.  and  by  many  oth- 
ers. In  1879  von  Anrep.  at  the  Pharmacological  Insti- 
tute at  WUrzburg.  wrote  a  comprehensive  expenniental 
paper  in  which  he  also  described  the  locally  numbing 
effects  of  cocaine  and  even  the  dilation  of  the  pupil  upon 
local  application,  and  he  suggested  that  this  dmg  might 
some  day  become  of  medical  importance.  ""Strange 
enough,"  commeiued  G.  F.  Schrady  in  an  editorial  in 
the  Medical  Record  of  November  8.  1 884.  ""Anrep  did 
not  note  that  the  conjunctiva  was  insensible,  or  if  so  did 
not  appreciate  the  significance  of  this  fact." 

In  the  textbook  on  pharmacology  which  my  father 
studied  at  the  University,  he  had  underlined  the  fol- 
lowing passage  which  appeals  in  the  article  dealing  with 
the  coca  plant: 

""Local  effects:  Injection  under  the  skin  as  well  as 
painting  the  mucous  membrane,  tor  example,  the 
tongue — brings  about  the  loss  of  feeling  and  pain.  13 
minutes  after  painting  it  Anrep  was  incapable  of  dis- 
tinguishing sugiir.  sail  and  sour  at  the  treated  spot.  Even 
the  needle  pricks  could  no  longer  he  felt  there,  whereas 
the  other  unpainted  side  reacted  normally.  The  loss  of 
sensibility  lasted  between  25  and  100  minutes. 

■'[The  article  concludes  with  ]  Therapeutic  Uses: 
Up  to  now  cocaine  has  not  found  any  medical  use.  But 
on  account  of  its  piiweifully  stimulating  effects  on  the 
psyche,  respiration,  and  the  heart,  and  also  on  account 
of  its  anesthetizing  effect  upon  the  mucous  membrane, 
it  might  deserve  experimental  trial  in  quite  a  number 
of  diseases.  [Relative  to  the  therapeutic  use  of  the  coca 
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leaves:]  There  have  been  some  experinienLs  but  no  irusi- 
worthy  ones  over  an  extended  period.  They  are.  how- 
ever, sold  commorL'ially  and  highly  recommended  for 
all  possible  needs." 

Sigmund  Freud  had  carried  out  what  is  still  regarded  as 
the  classic  pharmacological  study  of  cocaine  and  the  young 
Roller  was  closely  associated  with  Freud  in  some  of  his  work. 
Koller"s  daughter  gives  this  account  of  why  it  was  Koiler,  and 
not  previous  workers,  who  discovered  thai  cocaine  had  great 
potential  as  a  local  anesthetic: 

This  is  the  chain  of  events  which  actually  placed 
cocaine  in  my  father's  hand  and  focused  his  attention 
on  it:  Freud's  interest  in  the  drug,  awakened  primar- 
ily by  the  Amencan  literature  on  substituting  it  for  mor- 
phine, by  which  method  he  hoped  to  help  his  suffer- 
ing friend.  FleischI;  the  actual  purchase  of  the  scarce, 
expensive  product  |by  Freud)  and  the  request  he  made 
of  my  father  to  engage  in  experiment.s  during  the  course 
of  which  my  father  was  required  to  take  it  by  mouth. 
These  were  the  circumstances  that  prepared  the  way 
for  his  particular  discovery,  yet  cocaine  had  been  han- 
dled, t;iken  by  mouth,  and  its  effect  even  upon  the  eye. 
observed  for  twenty-tlve  years  without  its  usefulness 
in  surgery  occurring  to  anyone,  "Upon  the  one  occa- 
sion," my  father  said,  "another  colleague  of  mine.  Dr. 
Engel.  partook  of  some  |c(x:;iine]  \\\th  me  from  the  point 
of  his  penknife  and  remarked,  "How  that  numbs  the 
tongue,"  I  said.  'Yes.  that  has  been  noticed  by  every- 
one that  has  eaten  it."  And  in  the  moment  it  fla,shed  upon 
me  that  I  was  cairying  in  my  pocket  the  local  anesthetic 
for  which  1  had  searched  some  years  earlier.  I  went 
straight  to  tlie  laboratory,  asked  the  assistant  for  a  guinea 
pig  for  the  experiment,  made  a  solution  of  cocaine  from 
the  powder  which  I  carried  in  my  pocketbook.  and 
instilled  this  into  the  eye  of  the  animal."  The  young 
assistant  in  Strieker's  laboratory.  Dr.  Gaertner.  was  the 
sole  witness  to  my  father's  discovery  ...  he  retold  it 
in  a  1919  new.spaper  of  which  he  was  medical  editor: 

"Now  it  was  necessary  to  go  one  step  further  and 
to  repeat  the  experiment  upon  a  human  being.  We  trick- 
led the  solution  under  the  upraised  lids  of  each  other's 
eyes.  Then  v\e  put  a  mirror  before  us.  took  a  pin  in  hand, 
and  tried  to  touch  the  cornea  with  its  head.  Almost 
simultaneously  we  could  joyously  assure  ourselves, 
"I  can't  feel  a  thing."  Wc  could  make  a  dent  in  the 
cornea  without  the  slightest  awareness  of  the  touch, 
let  alone  any  unpleasant  sensation  or  reaction.  With 
that  the  discovery  of  local  anesthesia  was  completed, 
I  rejoice  that  1  was  the  first  to  congratulate  Dr.  Roller 
as  a  benefactor  of  mankind." 


Roller's  daughter  continued: 

My  father  was.  of  couI^e.  av\are  that  l(Kal  luiesthesia 
had  more  general  implications  and  w  as  not  b\  ;uiy  means 


limited  to  operations  on  the  eye.  "I  had  started  from  the 
fact  that  the  drug  made  the  lips  and  tongue  numb,  but 
I  limited  myself  to  the  eye.  wishing  to  make  a  contri- 
bution to  ophthalmology  and  also  w  ishing  to  establish 
a  claim  to  the  much-coveted  position  an  assistant  at  one 
of  the  large  eye  clinics.  I  did.  however,  directly  sug- 
gest to  my  friend.  Jcllinck  [assistant  to  Schriilter  in  the 
laryngological  clinic],  that  he  make  experiments  on  the 
nose,  pharynx,  and  larynx.  He  reported  the  resuhs  at 
the  same  meeting  of  the  Gesellschafi  derArzte  (Octo- 
ber 17)  at  which  I  read  my  [second]  paper. 

It  was  Roller's  intense  desire  to  obtain  this  position  in 
Vienna  and  his  com  iction  that  an  important  contribution  to 
ophthalmology  would  almost  guarantee  an  offer  that  led  hnii 
to  solve  the  most  .serious  problem  in  that  specialty — how  to 
operate  painlessly  and  safely  on  the  eye.  General  anesthesia 
was  unsatisfactory  because  the  patient  often  retched  and  noiii- 
ited  in  the  recovery  period  and  because  his  conscious  coop- 
eration was  frequently  necessary  during  the  operatit)n.  iron- 
ically, because  of  strong  anti-Semitism  in  Vienna,  he  never 
received  the  assistantship  and,  in  1 888,  he  emigrated  to  Amer- 
ica where  he  became  one  of  New  York's  most  eminent  oph- 
thalmologists, showered  with  many  honors. 

Oral  Diuretics 

Oral  diuretics  as  a  class  are  one  of  the  two  most  impor- 
tant new  groups  of  drugs  in  the  last  3.*!  years — the  other  being 
chemotherapeutic  and  antibiotic  drugs.  Not  tnany  remember 
that  sulfanilamide  led  to  the  discovery  of  chlorothiazide,  the 
first  of  the  oral  diuretics. 

In  19.^7.  Hamilton  .Southworth  at  the  Jt)hns  Hopkins  Hos- 
pital noted  that  two  of  50  patients  treated  with  sulfanilamide 
began  to  breathe  deeply.  As  a  result,  he  studied  l.'i  consec- 
utive patients  treated  with  sulfanilatnide:  the  blood  of  each 
showed  evidence  of  acidosis  though  none  had  clinical  symp- 
totns  of  acidosis  (17).  Phannacologists  at  Hopkins  then  showed 
that  a  hu'ge  single  dose  of  sulfanilamide  adnnnistered  to  dogs 
produced  acidosis,  and  .Strauss  and  Southworth  demonstrated 
that  in  three  normal  human  subjects,  sulfanilamide  led  to  aci- 
dosis, diuresis  and  increase  in  the  renal  excretion  of  siidium 
and  potassium  (18)  (see  figure  2). 

Diuretics  had  long  been  an  important  part  of  treatment  of 
congestive  heart  failure  and  edema  but  the  only  really  effec- 
tive diuretics  in  1937  were  mercurial  diuretics  and  these 
required  intravenous  injection.  Was  sulfanilamide  an  effec- 
tive oral  diuretic  that  could  at  last  replace  intra\enous  injec- 
tions of  the  organic  mercurial  compoiuuls.'  ,\nd  how  did  it 
produce  diuresis'.' 

In  1933.  Roughion  had  isolated  a  new  enzyme,  carbonic 
anhydrase,  from  red  blood  cells  and  showed  its  property  of 
greatly  accelerating  the  reaction: 

H:0  -(■  CO:  «  H2CO3  ^H*  +  H  CO3, 
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Fig.  2.  After  a  control  period  of  2  days,  Strauss  and  Southworth 
gave  a  subject  4.5  g  sulfanilamide  daily.  Note  diuresis  and  in- 
creased excretion  of  sodium  and  potassium. 


In  1940.  Mann  and  Keilin  found  that  some  sulfonamides 
inhibit  carbonic  anhydrase:  in  1941.  Davenport  and  Wilhelmi 
found  that  carbonic  anhydrase  was  present  in  the  kidney,  and. 
in  1943.  Pitts  and  Alexander  deinonstrated  the  role  of  carbonic 
anhydrase  in  the  exchange  of  hydrogen  and  sodium  ions  in 
the  renal  tubules  and  in  the  acidification  of  urine.  Circumstantial 
evidence  (though  later  shown  not  to  be  trusted)  pointed  to  inhi- 
bition of  carbonic  anhydrase  as  the  key  to  diuretic  agents  Nov- 
ello.  Sprague.  Beyer,  and  associates  in  the  Renal  Program  at 
Merck.  Sharp  ;tnd  Dohme  synthesized  a  number  of  compounds 
in  the  sulfanilamide-carbonic  anhydra.se  series  and  tested  them 
for  diuretic  activity.  They  hit  the  jackpot  with  chlorothiazide 
(a  compound  resulting  from  ring  closure  of  chlorodisul- 
famylaniline);  it  is  a  sulfonamide  derivative,  it  is  a  carbonic 
anhydrase  inhibitor,  but  its  powerful  diuretic  action  is  no\  due 
to  its  ability  to  inhibit  carbonic  anhydrase  (19). 

Did  the  Hopkins  group  in  1937-1938  anticipate  the  train 
of  events  set  into  motion  by  Southworth's  careful  clinical  obser- 
vations? Dr.  Robert  Dripps  asked  this  question  of  Southworth 
in  1972  and  Southworth  replied  in  part  (20): 

I  have  been  back  over  the  original  papers  and  have 
tned  to  think  back  over  those  days.  Working  with  Per- 
rin  Long  and  Johns  Hopkins.  1  was  in  on  the  first  excite- 
ment of  sulfa  drugs  and  was  lucky  enough  one  day  to 
pick  up  the  first  case  of  acidosis  associated  with  the 
use  of  sulfanilamide,  [see  ( 17)].  The  subsequent  work 
done  with  Margaret  Strauss  of  the  Biix-hemical  Depart- 
ment was  an  attempt  to  work  out  why  llie  acidosis  devel- 
oped and  incidentally  showed  that  large  doses  did 
increase  the  urine  volume  and  the  renal  excretion  of 
sodium  and  potassium  [see  (18)].  It  also  showed,  inter- 
estingly enough,  thai  some  hennxoncentration  was  pro- 


duced but  Bob  Loeb.  w ho  went  o\ er  the  paper  w  ith  me 
at  Presbyterian  where  I  had  moved  at  the  end  of  '37, 
was  suspicious  of  the  figures  on  blood  sodiums  and 
would  not  let  me  publish  them.  No  one  knew  then  about 
carbonic  acid  anhydrase  and  we  therefore  couldn't 
explain  the  acidosis.  By  the  time  this  paper  came  out. 
I  was  in  the  practice  of  medicine  and  w  as  just  w  Hid- 
ing up  what  I  had  done  as  a  resident. 

It  is  hard  to  remember  just  how  much  we  did  think 
of  the  diuretic  possibilities  of  what  we  had  found.  I 
don't  think  it  was  very  much  and  yet  the  paper  went 
through  the  hands  of  Warfield  Longcope  and  Robert 
F.  Loeb  so  I  was  not  the  only  one  who  failed  to  see 
the  potential  future  significance.  It  is  my  vague  recol- 
lection that  we  didn't  take  it  too  seriously  because  we 
were  giving  bid  doses  (up  to  6  to  8  gms)  of  a  drug  the 
toxic  and  allergic  effects  of  which  were  just  being 
described  all  around  us.  and  which  we  only  consid- 
ered using  in  people  who  had  quite  senous  infections. 
I  don't,  however,  remember  any  of  us  considering  that 
an  analogue  of  the  drug  might  be  developed  which 
would  have  this  effect  in  smaller  doses  and  with  less 
toxicity.  Also  those  were  the  days  when  diuresis  was 
not  considered  as  important  as  it  was  subsequently. 
"We  had  Salyrgan  and  we  thought  it  was  quite  good  for 
the  wateriogged  cardiac. 

Southworth  missed  the  opportunity  to  dev  elop  or  participate 
directly  in  the  development  of  oral  diuretics:  "It  was  hard." 
he  said  in  retrospect,  "to  realize  that  I  was  on  the  brink  of 
something  important  [in  1937-38]  and  didn't  really  appre- 
ciate it."  However,  his  astute  clinical  observations  showed 
Beyer  and  his  associates  where  to  look.  And  that  must  be  sat- 
isfying in  itself. 

Other  Missed  Opportunities 

Karl  Laihlstt'iiier  won  the  Nobel  Prize  for  discovering 
human  blood  groups  and  could  have  won  it  twice  over  for  dis- 
covering the  viral  cause  of  poliomyelitis  and  his  work  on  the 
Rh  factor.  But  he  never  connected  his  finding  of  blood  groups 
in  man  with  the  cause  of  human  transfusion  reactions. 

Werner  Forssmaim  catheterized  his  ow  n  heart  but  missed 
the  opportunity  to  follow  up  and  use  his  new  tool  for  diag- 
nostic purposes.  He  tned  (21)  but  got  crushed  by  the  German 
geheimrat  system. 

Marie  Kroi^h  devised  a  single  breath  test  of  diffusing  capac- 
ity of  the  lungs  but  never  used  it  for  clinical  diagnosis  ot  dis- 
orders of  the  lungs  or  pulmonary  capillary  bed  ( 22 ).  However, 
she  designed  her  test  only  to  decide  whether  oxygen  crossed 
the  alveolar-to-capillary  bairier  by  diffusion  alone  or  in  part 
by  secretion.  She  had  no  need  for  it  thereafter  and  in  any  case 
simple  and  rapid  methods  of  gas  analysis  had  to  be  invented 
before  the  test  lent  itself  to  use  on  large  numbers  of  subjects 
and  patients. 

Waksman  had  a  number  of  opportunities  to  discover  strep- 
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tomycin  before  1 944.  Tlie  first  was  early  in  his  scientific  career: 
his  main  interest  was  then  in  soil  (how  it  decomposed  organic 
material  added  to  it)  and  not  in  microbes,  even  though  he  did 
do  studies  on  Streptomyces  grisciis  between  1916  and  1919. 
Again,  in  1932  he  missed  an  opportunity  when  his  patholo- 
gist friend,  Beaudette,  brought  him  a  culture  of  tubercle  bacilli 
apparently  killed  by  a  fungus  growing  on  it:  Waksman  failed 
to  study  it.  Tlien  in  the  e;uiy  194()s  his  son  Byron,  now  a  promi- 
nent scientist  in  his  own  right  but  then  a  medical  saident,  wrote 
to  his  father  (23): 

In  reading  the  reprints  you  sent  me.  I  was  struck 
again  with  the  urge  to  do  some  work  in  the  direction 
of  finding  an  effective  in  vivo  antagonist  to  the  tuber- 
cle bacillus.  I  was  particularly  impressed  with  the  rel- 
ative simplicity  of  the  method  you  have  used  in  iso- 
lating fungi-producing  antibiotic  substances,  and  1 
wondered  if  exactly  the  same  method  could  not  be  used 
with  equal  ease  to  isolate  a  number  of  strains  of  fungi 
or  aetinoniycetes  which  would  act  against  M.  iiihcr- 
ciildsis.  Tliey  could  be  tested  after  isolation  agmnst  some 
more  rapidly  growing  organism  such  as  M.  phlei  in  vitro, 
and  finally  against  ihe  tubercle  bacillus  itself  in  vivo. 
. .  .From  the  little  reading  I  have  done,  it  is  my  impres- 
sion that  no  one  as  yel  has  published  any  work  of  this 
nature.  There  is  no  (.|uostion  that  it  has  a  great  deal  of 
practical  value  or  would  have  if  successfully  concluded. 

His  father  answered:  "The  time  has  not  come  yet.  We  are  not 
quite  prcp;ued  to  undeilake  the  problem."  1  wonder  if  this  was 
a  misunderst;inding:  the  son  was  prepared  to  tackle  the  research 
while  still  a  medical  student:  the /h/Z/t'/- was  not.  In  1944,  the 
father  was  prepared  and  isolated  streptomycin  (24). 

Gross  was  the  first  to  successfully  ligate  a  patent  ductus 
arteriosus  in  a  child  but  when  Taussig  offered  him  the  first  crack 
at  the  ne)w  famous  "blue-baby  operation"  he  had  no  interest 
in  it,  and  turned  her  down.  Learning  that  she  was  thinking  of 
moving  to  Boston,  he  advised  her  not  to  come  where  she  would 
not  be  tolerated.  "Stay  where  you  are  wanted,"  he  said  (2.'i). 
She  did,  ;ind  so  Gross  left  the  field  wide  open  for  Alft^d  BlalcK-k 
at  Hopkins  who  eagerly  collaborated  with  Taussig. 

Hiiiu  and  Tavcau  in  1 906  published  a  classic  paper  on  the 
extraordinary  physiologic  activity  of  acetylcholine  (26).  In 
it  they  studied  a  number  of  other  choline  derivatives  includ- 
ing succinylcholine.  They  completely  missed  its  neuromus- 
cukir  bl(x:king  effect  because  tliey  worked  on  ;inimals  cimmzed 
at  the  onset  of  the  experiment.  As  a  result,  succinylcholine 
never  entered  medical  practice  until  1949.  Was  this  a  missed 
opportunity  for  use  of  muscle  relaxants  in  the  practice  of 
medicine  and  anesthesiology?  Maybe  not,  for  these  reasons: 
( 1 )  few  surgeons  or  anesthetists  in  the  early  19()()s  knew  how 
to  maintain  aitificial  ventilation  in  man,  (2)  the  deliberate  p;iral- 
ysis  of  skelctiil  muscles,  including  muscles  of  respiration,  prob- 
ably had  to  await  the  development  of  a  new  specialty  of  pro- 
fessional, medicallv  trained  anesthetists  ( in  ihc  I94()s).  and 


(3)  Meltzer  and  Auer  in  their  experimental  studies  of  insuf- 
llation  respiration  in  dogs  (27)  routinely  gave  their  animals 
an  intravenous  injection  of  curare  sufficient  to  abolish  any 
spontaneous  or  reflex  movements.  Though  they  stated  that 
the  dog's  "life  is  as  safe  [with  curare]  as  under  regular  arti- 
ficial respiration,"  they  never  proposed  its  clinical  use,  nor 
did  anyone  else  until  1942. 1  doubt  that  availability  of  a  pure 
agent,  such  as  succinylcholine,  would  have  made  surgeons 
any  more  comfortable  about  operating  on  a  paralyzed  patient. 

Diphenylhydantoin  (dilantin)  was  used  for  20  years  to 
decrease  the  excitability  of  cells  in  the  motor  cortex  of  epilep- 
tic patients  before  Leonard  first  used  it  to  control  ventricu- 
lar tachycardia  in  man  (28). 

Loccd  anesthetics  were  used  experimentally  for  48  years 
to  reduce  cardiac  excitability  in  animals  before  James  South- 
worth  and  associates  finally  used  lidocaine  to  reverse  ven- 
tricular fibrillation  in  man  (29).  Plenty  of  time  for  missed 
opportunities  over  these  two  decades,  especially  since  it  encom- 
passed the  important  decades  in  which  c;u-diac  surgery  began 
and  matured. 

Ganglkmic  blocking  agents  were  known  as  early  as  1915, 
when  Burn  and  Dale  clearly  recognized  that  tetraethylam- 
monium  was  a  ganglionic  "par;ilyzing"  agent  capable  of  blcK'k- 
ing  sympathetic  nerve  impulses  to  the  heart  and  arterioles. 
But  it  was  not  until  1946  that  Lyons  and  associates  (30)  used 
it  to  lower  blood  pressure  in  hypertensive  patients  by  per- 
forming a  "chemical  sympathectomy."  Were  there  missed 
opportunities  for  its  use  during  this  3 1  -year  period?  Proba- 
bly "yes"  in  the  193()s  and  thereafter,  but  probably  "no"  before, 
because  most  physicians  believed  that  patients  with  hyper- 
tension had  initial  renal  disease  and  reduced  renal  blood  flow. 
They  believed  that  their  resulting  hypertension  was  com- 
pensatory or  essential  to  maintain  renal  circulation  and  pro- 
long the  patient's  life,  even  though  it  eventually  caused  car- 
diac hypertrophy  and  heart  failure. 

Concluding  Remarks 

Much  has  been  said  and  written  about  lags  between  ini- 
tial scientific  discovery  and  final  clinical  application.  In  many 
instances,  the  lag  was  unavoidable  because  whole  new  branches 
of  science  had  to  come  into  being  befi)re  the  initial  discov- 
civ  could  move  forw;u-d  (e.g.,  the  invention  of  the  microscope 
could  not  lead  to  antibiotics  until  it  first  led  to  the  discovery 
of  microbes,  the  germ  theory  of  disease  and  the  sciences  of 
microbiology  and  pharmacology).  Sometimes,  however,  an 
individual  made  observations  crucial  to  an  important  next  or 
even  final  step  but  didn't  realize  their  significance.  These 
"missed  opporttuiities"  cannot  be  labeled  scientific  discov- 
eries "locked  up"  in  a  laboratory  by  an  unconcerned  scien- 
tist. They  are  an  almost  inevitable  result  of  the  background, 
training  and  environment  of  that  scientist  and  his  immediate 
goals  and  preoccupations  that  blind  him  to  a  new  concept.  It 
has  been  said  thai  the  eye  often  sees  only  that  behind  it  and 
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not  what  is  in  front  of  it.  If  it  is  any  consolation  to  tfiose  who 
missed  magnificent  opportunities,  remember  that  the  world's 
greatest  inventor.  Thomas  Edison,  failed  to  see  any  useful  appli- 
cation at  all  for  his  greatest  scientific  discovery,  the  "Edison 
effect,"  which  later  w as  the  basis  for  the  audion  or  vacuum 
tube  that  permitted  the  development  of  radio.  And  missed 
opportunities  are  not  limited  to  science:  Winston  Churchill 
said.  "Men  occasionally  stumble  over  the  truth,  but  most  of 
them  pick  themselves  up  and  hurry  off  as  if  nothing  had  hap- 
pened." 

Julius  H.  Comroe,  Jr. 
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Internet  Access  to  the  FDA 
http://wwvv.fda.gov 


The  FDA  Internet  Hotne  Page  provides  information  on 
food,  himian  and  animal  drugs,  biologies,  medical  devices, 
the  latest  press  releases.  Enforcement  Reports,  and  Federal 
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The  FDA  now  offers  new  information  sheets  to  help  insti- 
tutional review  boards  (IRBs)  and  clinical  investigators; 
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in  1984  and  1989.  The  information  sheets  include: 
answers  to  questions  frequently  asked  of  the  FDA,  on 
drugs  and  biologicals.  medical  de\ices,  FDA  on-site 
inspections,  and  more. 

For  a  copy,  contact  the  Health  Assessment  Policy  Staff, 
Office  of  Health  Affairs,  (301)  443-1382.  or  access  the 
FDA"s  Internet  Home  Page  at  http://w\\w. fda.gov. 
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http://v\  WW  .aarc.org. 
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and-Go  allows  hospitals  to  mi.\  and 
match  monitors  for  easy  transit  through- 
out the  hospital.  Each  Docking  Station 
pro\ides  power  and  network  connections 
for  the  Siemens  monitors.  Enroute  to 
new  locations,  a  monitor's  battery  func- 
tions automatically  to  ensure  uninter- 
rupted trend  data.  For  details  about  this 
monitoring  system,  circle  Siemens'  read- 
er service  card  number  187. 


Q 


Flow  REGn..4TOR.  Victor  Medical  re- 
leases a  new  series  of  flow  control  reg- 
ulators. Generation  II.  The  LS-Series 
regulators  are  lighter  and  compactly  de- 
signed for  the  special  needs  of  ambu- 
latory patients.  The  new  regulators  use 
an  anodized  aluminum  body  w  ith  a  90° 
body-yoke  anangement  making  the  reg- 
ulators ideal  for  small,  portable  systems, 
according  to  Victor.  Also,  the  series  in- 
cludes a  DISS  outlet  connection.  How 
indicator  window,  and  a  slim-line  gauge 
with  protector.  The  LS  Series  is  avail- 
able in  5  models  and  2  tlow  ranges.  Cir- 
cle reader  service  card  number  1 86  for 
more  information  from  Victor  Medical. 


Monitoring  System.  Siemens  in- 
troduces a  new  generation  of  portable, 
cost-effective  bedside  monitors — the 
Pick-and-Go  ^  Concept  for  Continuous 
Monitoring.  The  system  comprises  the 
SC6000  Series  monitors,  the  SC  9000 
monitor,  and  the  Siemens  Docking  Sta- 
tion   .  According  to  Siemens,  the  Pick- 
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TEMPERATURE 


TEMPERATURE  PROBE  SIMUUTOR 


TP-7260 


Temperature  Simulators.  Tem- 

peraaire-probe  simulators  are  now  avail- 
able from  Fogg  System  Company  Inc. 
The  simulators  are  used  to  calibrate  in- 
struments that  use  either  the  YSI  400 
( 2232  Q.  at  25=  C)  or  YSI  700  (  6  k(^30 
kI2  at  25°  C)  Series  Probes.  Fogg  claims 
that  the  temperature  probe.  TP-7260. 
simulates  biuh  the  400  and  700  series 
probes  in  1 1  steps  of  10°  C,  ranging 
from  0°  C  to  100°  C.  within  0.05°  C.  Tlie 
Model  TP-7261  simulates  400  Series 
Probes  in  1 1  steps  ranging  from  -40°  C 
to  -Hi 50°  C.  and  TP-7262'^imulates  700 
Series  Probes  ranging  from  -40°  C  to 
-Hi 00°  C,  within  0.1°  C.  Cables  are  also 
a\ailable  in  0.25  in..  0.125  in.,  or  3.5 
mm  phone  plugs.  Circle  reader  service 
card  number  1 88  for  more  information 
from  Fogg. 


Portable  Aspirator.  An  aspirator 

with  a  single-patient  disposable  bottle 
and  lid  is  a  new  addition  to  the  DeVil- 
biss  Health  Care  Inc  product  line.  The 
Vacu-Aide™  Portable  Aspirator,  ac- 
cording to  DeVilbiss,  is  designed  to  re- 
duce the  hazards  of  cross-contamination 
and  the  handling  of  biohazards.  The 
1200-mL  plastic  bottle  can  be  cleaned 
and  reused  with  the  same  patient  or  dis- 
carded for  use  with  different  patients. 
The  Vacu-Aide  is  supplied  with  a  DC 
power  cord,  an  AC  adapter,  and  an  in- 
ternal battery  for  uninterrupted  use  dur- 
ing power  outages.  An  easy-to-install 
kit  is  available  to  update  current  in- 
ventories to  the  disposable  bottle  sys- 
tem. For  details,  circle  DeVilbiss  Heath 
Care's  reader  service  card  number  1 89. 


Hyperbaric  Unit.  Proteus  Hyper- 
baric Systems  Inc  announces  the  Pro- 
teus III  Hyperbaric  Unit.  According  to 
the  company,  the  Proteus  III  combines 
all  of  the  hands-on  patient  management 
and  safety  advantages  of  a  multiplace 
chamber  with  the  mobility  and  econo- 
my of  a  monoplace  system.  All  patient 
support  functions  can  be  performed  si- 
multaneously from  outside  the  cham- 
ber, with  access  to  the  patient,  when  re- 
quired, without  patient  depressurization. 
In  addition,  oxygen  is  used  only  for  pa- 
tient breathing,  reducing  o.xygen  con- 
sumption. The  Proteus  II  is  certified  by 
ANSI.  ASME.  PVHO- 1 ,  and  complies 
with  the  NFPA  99  Fabrication  Safety 
Standards.  Circle  reader  service  card 
number  1 90  for  details  from  Proteus  Hy- 
perbaric Systems. 
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The  AARC  Human 
Resources  Survey: 
A  Study  of 
Respiratory  Care 
Human  Resources 
in  Hospitals 

Cdvcrs  a  wkIo  range  of  liuni.in  rcstiurcc 
issues,  including  compensation,  numl')ers 
of  full-time  equivalents,  foh  vacancy- 
rates,  education,  credentialing,  and 
licensure,  liven  includes  information  on 
age,  sex,  and  years  of  experience.  Includes  comprehensive  summary, 
position  profiles,  salaries,  education,  experience,  credentials,  and  regiona 
demographics.  Vacancies  are  inventoried.  68  pages,  66  tables. 
ltemBK12  $35  ($50  nonmembers) 


A  Study  of 
Chronic  Ventilator 
Patients  in  the 
Hospital 

Chronic  \entilator-dependciil  patients 
are  costing  American  hospitals  more 
than  $9  million  per  day  according  to 
this  Gallup  study  conducted  for  the 
AARC.  This  important  study  provides 
information  on  patients  who  depend  on 
life-support  systems;  why,  how,  and 
where  they  are  being  treated;  and  the 
cost  of  treatment.  47  pages,  9  tables,  12 
figures. 
Item  BK20  525  (550  nonmembers) 

A  Study  of 
Respiratory  Care 
Practice 

This  study  examines  the  practice  of 
respiratorv  care  in  todav's  health  care 
environment  and  how  hospital 
reorganization  is  affecting  the 
profession.  Includes  chapters  on  medical 
direction,  current  respiratory  care 
services,  nontraditional  services, 
rcspirator\'  care  protocols,  and  hospital 
service  reorganization.  38  pages, 
.14  tables,  15  charts. 
Item  BK17  $20  ($40  nonmembers) 
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Policy  and 
Procedure 
Manual 

Save  time  and  money  by 

making  \'our  department 

more  efficient  with  the 

Policy  auci  Pruccdiirc 

Manual.  Its  130  pages  of 

policies  and  procedures 

cover  the  aspects  of 

.administrative  and  clinical 

respiratory  care  for  both 

adult  and  pediatric  practice. 

Sections  on  administrative 

policies,  therapeutics,  clinical 

monitoring,  and  mechanical 

ventilation.  Standardized  formats  include  objectives,  indications, 

equipment,  policies,  contraindications,  troubleshooting,  procedures, 

hazards,  and  assessment  of  effectiveness. 
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Rcipiniloyy  Home  Care 

EtiHipment  exclusively 

covers  home  care 

equipment  with  practical 

applications  and  charts  on 

oxygen  concentrators, 

liquid  units,  air 

compressors,  and  home 

care  ventilators.  An 

invaluable  botik  for  the 

home  care  pr.ictitioner  and 

equipment  technician. 

Details  home  care  devices, 

cleaning,  disinfecting,  and 

monitoring  procedures  to 

minimize  infection.  Includes  guides  for  educating  staff  on 

equipment,  therap\',  patient  assessment,  and  safety.  Features 

procedures  for  gas  administration  and  monitoring  devices, 

humidifiers  and  nebulizers,  artificial  airways  and  rcsuscitators, 

respirators,  and  ventilators.  By  Steven  P.  McPherson.  Hardcover, 

192  pages,  141  illustrations,  6  tables. 

Item  BK7  $9  ($12  nonmembers) 
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Not-for-profit  organizations  are  offered  a  free  advertisement  of  up  to  eight  lines  to  appear,  on  a  space-available  basis,  in  Calendar  of  Events  in 
Respiratory  Care  Ads  for  other  meetings  are  priced  at  $5.50  per  line  and  require  an  insertion  order.  Deadline  is  the  20th  of  the  month  two 
months  preceding  the  month  in  \^  hich  you  wish  the  ad  to  run.  Submit  copy  and  insertion  orders  to  Calendar  of  Events,  RESPIRATORY  CARE. 
1 1030  Abies  Lane.  Dallas  TX  75:2^-4593, 


Calendar 
of  Events 


AARC  &  Affiliates 

June  13-15 — California  Society 

28th  Annual  Meeting.  "Through  the 
Looking  Glass:  A  View  into  the  Future," 
at  the  Monterey  Marriott  Hotel  and  the 
Monterey  Conference  Center.  Monterey. 
California. 

Contact:  John  C  Bigler  CSRC  Executive 
Director.  2763  West  Ave  L,  Suite  164. 
Lancaster  CA  93536,  (805)  723-1 180. 
fax  (805)  723-0031. 

June  19-21 — Oklahoma  Society 

3 1  St  Annual  State  Seminar  and  Exhibi- 
tion. "RCP:  The  Next  Generation."  at  the 
Radisson  Inn.  Oklahoma  City.  Okla- 
homa. Golf  Tournament  scheduled  for 
Wednesday.  June  19. 
Contact:  Mike  Taylor  at  (405)  366-3705. 

July  9 — AARC  Video  Conference 

"Capturing  Respiratory  Services  Outside 
the  Hospital  Part  1:  Home  Care."  Part  4 
of  the  1996.  7-part  video  conference. 
"Professor's  Rounds  in  Respiratory 
Care."  from  12:30  to  2  PM  Eastern  Time. 
Live  telephone  question-and-answer  ses- 
sion airs  July  29. 
CRCE:  1  credit  hour. 
Contact:  AARC  at  (214)  243-2272. 


July  17-19 — Texas  Society 

Annual  Convention.  "Upgrade  Your 
Memory."  at  the  Wyndham  Anatole 
Hotel.  Dallas.  Texas. 
CRCE:  credit  requested. 
Contact:  TSRC  at  (214)  680-2454. 


Other  Meetings 

June  26-29— ECMO  Programs 

5th  European  Extracorporeal  Support 

Organization  Conference.  Stockholm. 

Sweden. 

Contact:  the  Congress  Secretariat  at 

-(-46  8  612  6900 

or  fax -^46  8  61 2  6292. 

September  18-21 — Costa  Rica  Society 
for  Respiratory  Therapy 

2nd  Latin  America  Congress  and  the  4th 

Central  America  and  Caribbean  Congress 

for  Respiratory  Therapy.  "Advances  in 

Respiratory  Therapy"  in  San  Jose.  Costa 

Rica. 

Contact:  Isabel  Mesen-Sequeira. 

Administrali\e  Assistant. 

PROJECTHOPE,  SJO  078. 

PO  Box  025369.  Miami  FL  33102, 

011-506-290-4242, 

fax  01 1-506-296-3531. 


September  19-21— ECMO 
Programs 

8th  Extracorporeal  Life  Support 
Organization  Conference  at  the 
Ritz  Carlton,  Dearborn.  Michigan. 
Contact:  Phoebe  Hankins  at 
(313)998-6600. 

October  23-25— ECMO 
Programs 

10th  Western  ECMO  Conference. 

Rancho  Mirage.  California. 

Contact:  Janie  Waggoner 

of  the  Loma  Linda  ECMO  Program  at 

(909)478-8781. 

November  10-14 — Asia  Pacific 
Association  for  Respiratory  Care 

5th  Congress  of  APARC  at  the 

Bangkok  Convention  Centre  and 

Central  Plaza  Hotel, 

Bangkok,  Thailand. 

Abstracts  must  be  submitted  by 

July  3 1 . 

Contact:  Congress  Secretariat, 

5th  Congress  of  APARC. 

Congress  and  Convention  Experts 

(Thailand)  Co  Ltd. 

POBox  10-163.  Ladphrao. 

Bangkapi.  Bangkok  10310. 

THAILAND. 


42"''  International  Convention  &  Exhibition 
November  3-6  •  San  Diego,  California 
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'nly  PulseDose 

delivers  a  consistent 

dose  of  oxygen  at  the 

very  moment  it's 

needed-on  tiie  leading , 

edge  of  inspiration- 

with  eveiy  breath. 

That  means  your 

patients  always  get 

the  right  amount  of 

oxygen,  even  during 

exercise  and  breathing 

pattem  changes. 

And  because  many 

patients  find  PulseDose 

rnore  comfortable, 

they're  likely  to  wear 

their  oxygen  constantly, 

resulting  in  better 

compliance. 
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The  Right  Dose. 


On  Demand. 


With  Every  Breath. 


XulseDose  is  good  . 
for  your  business  too. 
Significantly  reduced 
oxygen  consumption 
means  greater  oxygen 
efficiency  for  hospital 
use,  emergency  transport 
and  ambulatory  oxygen 
patients.  Because 
PulseDose  is  available 
In  .several  configurations 
for  use  with  the  hospital 
headwall,  compressed 
gas  cylinders  or  portable 
liquid  oxygen  sources, 
we  have  just  the  right 
product  to  meet  the 
demands  of  your  business 
and  your  patients. 

J^eVilbiss-We're  on  the 
leading  edge  of  home 
oxygen  systems. 

lo  demand  the  best,  call 
USA  814-443-4881  or  tax 
814-443-7572,  attention 
DeVilbiss  Intemational. 


Circle  162  on  reader  service  card 
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RESPIRADYNE^n 

PULMdlNiARY   FUNCTION/VENTILATION   MONITOR 
Graphic  Printouts... Multi-Patient  Memory... and  Easy  to  Use 


Results-Oriented  Features  At  Cost  Effective  Prices 

■   New  Graphic  Forced  Vital  Capacity  (FVCl  document  printout  of  Flow  vs  Volume  and 
Volume  vs  Time  ■  New  10  patient  memory  with  8  pre-bronchodilator  and  8  post- 
bronchodilator  tests  per  patient  and  automatic  calculation  of  %  change  ■  New  customizing 
software  package  ■  New  Slow  Vital  Capacity  (SVC)  monitoring  ■  Automatic  determination 
of  "best  test'    ■  Knudson,  ITS  and  ECCS  reference  nomograms  ■   E:asy  to  operate 
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Performs  A  Complete  Range  Of  Test  Measurements 

Forced  Exhalation  Parameters 

■  Forced  Vital  Capacity  IFVC)  ■  Forced  Expiratory  Volume  in  One  Second  I FEV,) 

■  FEV, /FVC  Ratio  ■  FVC  Time  ■  Peak  Flow  ■  Forced  Expiratory  Flow  Between  25% 
and  75%  of  Vital  Capacity  (FEE  2s-7s,,)  ■   Percent  Extrapolated  Volume  (Vol.  ^xtra^) 

Weaning/ Extubation  Parameters 

■  Respiratory  Rate  IRR)  ■  Tidal  Volume  ITVI  ■  Minute  Volume  (MVI  ■  Slow  Vital 
Capacity  ISVCl  ■  Maximum  Voluntary  Ventilation  IMVVl 
Force  INIFI 


Negative  Inspiratory 


For  further  information,  call 


1-800-325-7472  (outside  Missouri) 


1-800  392-7318  (in  Missouri) 
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